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ABSTRACT 
Scientists, environmentalists and engineers are generating solutions to create a sustainable 
energy infrastructure in order to maintain all technological advances and protect the 
environment. With this project, the group researched the advantages and disadvantages of 
various fuels. Issues include these energy sources’ impact on the environment and health, safety, 
as well as current and future energy legislations. As a result of this research, the group has 
compared all forms of energy by creating a ranking system, and will reveal which are the most 
practical and sustainable forms of energy. 
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EXECUTIVE SUMMARY 
 
Energy is a critical issue because nonrenewable energy sources will soon disappear, as a 
result of society’s rising dependence on them.  The group analyzed different issues connected 
with six types of energy: petroleum, natural gas, coal, solar energy, wind energy, and nuclear 
energy. 
 Petroleum is considered one of the main energy sources in the world. It is the basic 
substance that powers society’s transportation and heating systems. It is also used in the 
production of many chemicals and pharmaceutical products. The group analyzed petroleum’s 
availability, reserves, extraction costs, supply and demand, effects on health and the 
environment, as well as finds solutions to all these problems. 
 Solar energy is a relatively new technology compared to other energy sources. The group 
investigated numerous solutions that decreased the use of coal and other nonrenewable energy 
sources. The group also discussed solar energy production prices and alternatives for making 
these prices more reasonable. Furthermore, the group reviewed more efficient methods such as 
developing solar energy in space. 
Nuclear- After President Obama granted billions of dollars towards expanding nuclear energy, 
we examined how this could change the distribution of nuclear energy in the United States.  
Before this is examined in depth the energy process of coal, as well as technological 
advancements and safety and waste disposal are covered.  Costs are also compared along with 
other factors that prove nuclear energy is very profitable and will play a big role in the United 
States energy distribution. 
Wind- Wind Energy was examined after the department of energy provided detailed statements 
and recommendations to expand wind energy production to 20% of the total U.S. energy 
production by 2030.  We reviewed these and summarized the recommendations, examined the 
turbine process by which it produces energy, and discussed its benefits and maximum possible 
potential. 
 Coal is one of the cheapest and oldest sources of energy in the world, but it is also one of 
the largest pollutants. The United States has 28% of the world’s coal reserves. It is the country 
with the most known reserves in the world, and more than 50% of the energy produced in the 
United States comes from coal. The group discusses all types of coal, its environmental effects 
and the coal process in order to find solutions to decrease the emissions of greenhouse gases that 
are affecting the environment. The group also analyzes new clean coal technologies in order to 
optimize the process and reduce its environmental effects. 
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 Natural gas is the most environmentally friendly fossil fuel. It has half the CO2 emissions 
of coal and a third of oil. Natural gas has had an increasing role in electrical generation currently 
contributing to 23 percent. Natural gas is an important feedstock in plastics, fertilizers, and 
pharmaceuticals. Gas is also used in space heating and cooking. The United States currently 
produces the most natural gas in the world despite having only 3.8 percent of the global reserves. 
The group covers important topics such as consumption, production, reserves, and prices while 
predicting the future in these areas of natural gas. 
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INTRODUCTION  
Motivation for this project arose after the realization that not only is energy damaging to 
the environment and people, but reserves are dwindling.  The United States is relying on foreign 
energy supplies all too much and the cost for oil is growing.  While new energy policies emerge 
and are reviewed, such as the National energy policy and Obama’s energy initiatives, new ideas 
are emerging which include technological improvements, and governmental incentives.  These 
ideas are emerging faster than ever due to the fact that we are racing against global climate 
change, pollution, rising costs for energy, and depletion of resources.  While there are many 
good ideas and recommendations in this project, the major step of actually acting on these 
recommendations and improvements is needed. 
This project also relates to our major field of study, engineering.  From an engineering 
standpoint, one can observe the improvements that are being made and improvements that need 
to be made in order to make the different forms of energy more efficient.  While this project is 
not meant to instill fear in the reader and make one feel were are going to be living in the stone 
age in the next century, it is meant to provide realistic ideas and review ideas already presented 
on a national level.   
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NATIONAL ENERGY POLICY 
CHAPTER ONE  
In the first chapter of the National Energy Policy, they begin talking about the energy challenges 
that the United States is facing and will face if they don’t do anything about it. They talk about 
the California energy challenges. They explain how the prices of the electricity bills have risen 
significantly and how the blackouts have increased; they also explain how the power lines can’t 
handle all the energy transmission to keep everything in order.  The government has not invested 
in power transmission, like power lines and power generators. ―But even with adequate 
generating capacity, we don’t have the infrastructure to ensure reliable supply of electricity‖. 
After this they begin talking about each source of energy that USA used, they name coal, nuclear 
energy, natural gas, hydropower, oil and renewable energy such as solar, wind, biomass, etc.  At 
the end they talk about the transportation energy needs and they say that most of it comes from 
oil and natural gas. 
RECOMMENDATIONS  
The most important recommendations that the NEPD should give to the president is that agencies 
should work closely with the congress to find better ways to legislate, and to explore newer, 
safer, and easier ways of production and distribution of energy.  
CHAPTER TWO  
In the second chapter they start talking about how the energy prices are affecting families and 
how they are not able to pay the energy bills. Also they talk about how this crisis its affecting the 
agriculture in the country and the farmers because the prices of the energy goes up, their 
expenses increase, the fertilizer goes up, but the price of their  produce stays the same, their 
income remains the same, so they won’t be able to continue for long . In this chapter they also 
talk about the crisis and business and how the businesses are having losses because of the 
blackouts and high prices of the raw fuels. They also talk about the economic impacts of 
California’s energy crunch and how many companies are having losses because of the constant 
blackouts. Many of the companies are leaving the state. Also many of the agricultural companies 
are facing problems. They also named the problems that transportation companies are facing and 
how over 3500 motor carrier operators fail in the year 2000. At the end of this chapter, they talk 
about how energy efficiency may help to solve these problems, and they also explain how there 
is inflation in the economy because of the high prices. 
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RECOMMENDATIONS  
Create public education awareness programs about energy and take steps to mitigate impacts of 
high energy cost on low income consumers: Strengthening the LIHEA program by making $1.7 
billion available annually. Increase funding on the weatherization assistance program, and direct 
FEMA to prepare for potential energy emergencies. 
CHAPTER THREE  
In this third chapter they talk about the government’s role on the prevention and protection of the 
environment, creating new laws and initiatives of protection, and working with the local 
governments. They also talk about the air quality and how they can clean the air using 
advancements in technology and environmental regulations. This air pollution can affect 
people’s health with respiratory and cardio pulmonary diseases, cancer, etc. They keep talking 
about cleaner energy using new technology, they also explain how they are using scrubbers in 
the coals fire plants to clean air, and how they are using new technologies to clean and absorb all 
the polluted material that comes from the coal fire plants. In the chapter they also start talking 
about environmental protection, water quality, how to prevent oil spills, improve coal research, 
etc. They also talk about the maintenance of the wild life habitat using new technologies and new 
ways to transport energy without destroying their habitat. At the end of this chapter they talk 
about hydropower generation, mentioning that this technology is one of the cleanest one, but you 
have to protect the natural life in the water (the salmon for example). They also talk about the 
coal, oil, and gas exploration and production of new and safer ways using technologies and 
bigger pipes to prevent oil spills. 
CHAPTER FOUR  
Chapter four deals with methods and examples of using energy more wisely by 
increasing its efficiency, as well as reasons why energy is not always used efficiently.  First 
addressed are simple household appliances and how just switching to more modern efficient 
products can make a difference, such as new refrigerators that use one-third the energy 
refrigerators used in the seventies.  While a cheap older style refrigerator could initially be up to 
a few hundred dollars cheaper, a similar size more expensive efficient model could save up to 
$280 a year in the energy bill.  This would pay the price difference in one or two years.  It is 
emphasized that the consumer must make the choice to choose the more efficient product even 
though it can be initially more expensive.  The Energy Star program is also discussed as well as 
the desire to expand the program.  Also mentioned is how the government alone uses 1.1% of the 
total energy produced and the steps taken to reduce this amount.  Focus is also put on residential 
areas and making them more efficient with changes in the windows, insulation and cooling 
systems as shown with the Pulte homes in the southwest.  The last topic discussed is more 
efficient transportation.  The demand for fuel-efficient vehicles must increase in order to be 
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effective.  It is mentioned that people focus more on energy efficiency only when the prices are 
very high.  It is stressed that making significant changes in automobile technology is very 
difficult to do.  This is because of the higher initial production costs and low demand.   
ANALYSIS  
Chapter four brings up some very interesting methods for saving energy.  For instance the 
need to make the consumer more intelligent about energy efficiency as well as having the 
consumer more involved for wholesale purchase of products instead of the manufacturer that has 
no incentive and will buy the cheapest value.  I also agree that there needs to be more incentive 
for the consumer to buy the more efficient products, whether it is a car or a household appliance.  
However, while the success of cogeneration plants is mentioned, this type of efficiency needs to 
be strengthened much more. I believe there should be more research towards cogeneration and 
higher incentives need to be put in place.  Residential buildings should be advertised more and 
be given tax reductions all over the U.S.  
CHAPTER FIVE  
Chapter five focuses on domestic energy.  It is stressed early on that regulations in 
federal, state, and local governments as well as economic factors play the most important role in 
the development of energy sources, and to increase the domestic energy production is very 
difficult.  It points out that unless the domestic energy production drastically improves, we will 
have to rely more and more on other countries.  New technologies for drilling and gas 
exploration have helped and are recommended to be improved, along with a better plan for 
electricity, such as more competition (electricity restructuring).  Hydropower was mentioned as 
an energy source that will be less significant in the future, because of the limited locations for 
efficient dams, however a plan to simplify the licensing process is recommended.  Clean coal 
was briefly mentioned as an effective form of energy for the future, because its promise to be 
more efficient and better for the environment.  Lastly, Nuclear energy is a great form of power, 
however after the three mile island incident many people are skeptical of its potential danger as 
well as what to do with the remaining nuclear waste. 
ANALYSIS  
Chapter five brings forth a lot of recommendations to strengthen domestic energy 
supplies, because it seems to be one of the more difficult tasks to handle in this energy crisis.  
However, this problem could be somewhat alleviated if the government would give more 
freedom for private companies to have access to federal land, to boost chances of new 
discoveries on these sites.  If the government would grant more money to private companies for 
research and development of energy resources it could also help the domestic energy problem.   
Approximately half of the recommendations put forth were for oil and gas, and while it is 
important to work on domestic drilling, I believe more recommendations should be emphasized 
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in other forms of energy.  Hydropower being one of them, and even though space is very limited 
there should be more work into making existing dams more efficient. Clean coal should also be 
pinpointed; the U.S. is the largest supplier of coal in the world, more incentives should be put in 
place to reduce emissions and further develop clean coal. However, there were recommendations 
to do with Nuclear energy and research for its waste disposal, which made sense.  I believe there 
should be more construction of modern Nuclear power plants, as well as more developments of 
how to store nuclear waste, and prevent nuclear meltdown.  Overall, I feel there should be further 
development in drilling technologies and excavation of natural gas, however, much more focus 
must be put on Nuclear energy, clean coal technology, and renewable energy sources.  
CHAPTER SIX  
Chapter six discusses the fast growing industry of renewable and alternative energy.  A 
basic overview of geothermal, wind, solar, hydropower, biomass and biofuels, as well as fusion 
and distributed energy is mentioned.  The progress of these energy forms, such as the cost 
reductions of wind energy and the expansion of ethanol as a biofuel are discussed.  Also, the 
main challenges in further development are high initial costs, lack of infrastructure, and lack of 
general knowledge.  Recommendations are set to simplify licensing permits, and increase 
incentives in order to expand renewable and alternative energy.  
ANALYSIS  
Chapter six sets forth many recommendations to improve the technologies as well as 
widespread use of renewable and alternative energy.  Though it is mentioned, I believe there 
should be more focus on the improvement of distributed energy, such as introducing a national 
net metering system, which would give consumers more incentive (can sell energy back to grid).  
While ethanol is the most widely used biofuel, this still needs to be greatly expanded, along with 
importing biofuels due to the large amount of water it takes to produce them.  Fuel cells should 
be further development, as well as government funding due to the high costs because 
transportation is the greatest cause of air pollution.  However, I completely agree with further 
development in fusion technology as well hydrogen energy.  
CHAPTER SEVEN  
The United States of America is the biggest consumer of energy in the whole world, its 
one of the biggest countries in territories and its population is very well distributed in towns and 
cities all across their territory. For this reason it is essential to have a very organize, effective and 
actualized network of infrastructure with the principal purpose of transporting this energy 
everywhere so it becomes accessible for all the consumers. 
The American energy infrastructure is very developed, however it has a lot of constrains in its 
efficiency because a lot of its parts and processes need to be renewed. 
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Most of the electricity consumed by the USA is produced in the country, practically none of it 
needs to be imported, the biggest source for producing electricity in the USA is coal, but there is 
also some produced by water, wind, solar energy and nuclear energy. Electricity grids are used to 
transport electricity from one state to another, There are four grids that allow electricity to travel 
all over the USA, Canada and part of the north of Mexico, this four grids can’t connect to each 
other so transmission of electricity from one grid to another is not possible.  It is necessary to 
establish one national grid and remove the transmission bottlenecks. 
Other problem is that some of the electricity lines are in very poor conditions and some of the 
electricity is lost in the transmission process. 
Oil is the principal energy source in the world, its essential for the transportation process of 
airplanes, cars and boats, most of it comes from underground and it is removed by pumping 
applying pressure to the ground, after being pumped in the fields, it travels by pipelines until it 
arrives to the distribution places and it is accessible to the consumers. Pipelines are the most 
common way of transporting oil in the USA; the trans-Alaska System is the biggest pipeline in 
the country. 
In the past years, there has been an important increase in energy demand in the whole country, 
however few changes has been done in order to increase the production and transmission 
efficiency, a lot of this pipelines are in bad conditions and a lot of them need to be replaced by 
some with bigger diameters and capacity of transportation. 
All gas in the US also travels by pipelines, it is projected to be a 50% increase in the demand of 
gas and the pipelines capacity is insufficient to meet this huge projected increase, the natural 
pipelines close to Canada are almost close to their capacity, and it is expected in the next few 
years to be a gas shortage in New England and California. 
It is fundamental for the national government to take some actions to solve all this energy 
problems. 
There should be a lot of government funds invested in energy research programs, energy 
efficiency programs and also in energy transmission so the expected demand for the next decades 
could be satisfied. 
Oil refineries work 100% capacity in the USA and they get no significant profit to the American 
economy in the last decades, a lot of refineries has been close in the last 30 years and no major 
refinery has been open in the last decade. 
Half of the oil consume in the USA is imported, by marine tankers, this tankers has been 
improved in the last decade, and now they are made double hulled to prevent spills. 
New England doesn’t have refineries or pipelines; they depend a lot in marine transportation. 
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All coal, which is the most important product for the production of electricity in America, is 
transported by rail. It is a very effective way of transportation, however it increases the price of 
coal about 50% more. 
RECOMMENDATIONS  
It is very important for the US government to come up with a new infrastructure plan for 
the future that will allow to satisfies the growing demand for electricity and will reduce the 30 % 
of the electricity that is lost in the transportation process to maybe a 10% or 15%, This could be 
done by investing more in research for the superconducting materials for example. 
New cheaper and more efficient materials should be implementers. 
New laws should require every state to have their own pipelines. 
The USA government should also educate and encourage its citizens to be a little bit 
more worried about the future and to have a proper use of energy, don’t leave the lights on in the 
rooms if not needed or do not have the windows open with heater or A.C for example. The 
government should tax higher people that consume more than certain amount of energy and tax 
lower people that reduce their energy consumption. 
A lot of the principle pipelines in the gas and oil transportation process should be 
replaced by bigger and more durable pipes. This probably could be an expensive process, 
however it would be something that will last for many years and will be a fixe cost. 
Oil tankers should have some security safety measures to avoid oil spills, for example the 
oil container part of the tanker should be made with a double layer very resistance material and 
should be supervised periodically to make sure the tankers are in good and safe conditions to 
travel. 
Private companies should work together with the government to develop the entire 
energy infrastructure. The government should implement partnership status with some of these 
companies, and tax reduction for more incentive. 
CHAPTER EIGHT  
The United States is self-sufficient in the production of most of their energy with the exception 
of oil and natural gas. 
The United States produce about 50% of the oil that is consumed in the country, for this reason it 
is necessary to import oil from other countries. The USA looks for trade agreements and also 
strategic location of the forage nations for buying oil from. Because of location, the most 
important oil seller to the USA is Canada, which is and strategic allied very convenient to have 
because it makes it easier and faster to transport, they also have many agreements like in the 
NAFTA, and Canada has one of the biggest oil reserves in the western hemisphere. 
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By the year 2000 Saudi Arabia and Venezuela were the second oil sellers to the USA. Venezuela 
used to be a very good contact because of its location it is much closer to the USA than all 
middle east countries and it has a huge oil reserve, however international relationships between 
the American and Venezuelan government has been deteriorated a lot and as a consequence 
Venezuela has been looking to sell most of its oil to European countries and China. The United 
States is still their main customer but they are trying to change this in the next few years.  
It is very important for the USA to have good relationships with OPEC countries, so they can 
make agreements and treaties that will be good for both sides. 
It is very important for the USA to have a lot of different buyers and not rely in just a few of 
them for national security matter. 
Because of their reduction of buying in the Venezuelan market, the united States have increased 
trade with Saudi Arabia and other Arab nations like Bahrain and Dubai. 
Oil trade with Mexico is also very important for the United States because of strategic location 
and NAFTA agreements.  
RECOMMENDATIONS  
The United States should try to have good diplomatic relationships with OPEC and oil exporter 
nations. It is important for the USA to look for strategic nations to buy more oil from and to 
make free trade agreements that will make it easier for both nations to trade their products. 
The United States of America should buy oil from the most number of countries, as it is possible, 
that way they will be independent from other nations in oil commerce. 
There government should research for better and easier ways of transportations that will make it 
more efficient and cheaper, make deals with private transportation companies for example. 
The USA government should be looking for new possible oil reserves in their territory, that way 
they could produce more inside the nation and they would have to export less, making oil prices 
to decrease in the world markets, creating new sources of jobs and more income to the nation. 
Oil companies should focus in finding new possible oil reserves in American soil, this will make 
the nation less dependent in forager oil and will help oil prices to go down. 
Privet companies and universities should work together with the government and so some 
research about better and more environmentally friendly sources of energy. 
People should be educated since middle school level about the importance of taking care of the 
energy. 
Public transportation should be improved and campaigns should be done so people realize how 
much energy the country can save if they star using public transportation. 
Safer ways of transportations should also be implemented to avoid spills. 
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NATURAL GAS 
THE ROLE OF NATURAL GAS  
Natural gas is one of the most important sources of energy in the United States. This fuel 
is used industrially, commercially, residentially, in transportation, and in electrical generation. 
Natural gas is used industrially as a source of fuel in the production of pulp and paper, metals, 
chemicals, petroleum refining, and food 
processing. It is also used as a feedstock in the 
manufacturing of an assortment of products such 
as plastics, chemicals and fertilizers. 
Commercially and residentially natural gas serves 
in providing space heating, lighting, and water 
heating. Natural gas can also be used as a source of 
fuel for transportation. Currently, in the United 
States, only 0.2 percent of all vehicles use natural 
gas1. In other nations such as Pakistan and 
Argentina there are over 2 million natural gas 
vehicles2. Finally, natural gas has an increasingly important role in the generation of electricity. 
Natural gas presently accounts for 23 percent of power generation, being the second largest 
behind coal3. In 2000, natural gas was the third largest in electric utility generators allotting for 
just 16 percent of the total generation4. Natural gas run power plants have gained popularity in 
the past decade due to the fact that they have greater efficiencies, lower capital costs, and fewer 
emissions than coal power plants.  
CONSUMPTION  
 Since the United States uses natural gas in so many ways, it is not surprising that it is the 
world’s leading consumer of this fuel. The United States consumes 22.8 trillion cubic feet of 
natural gas annually, which accounts for 21 percent of the total world consumption at 110.3 
trillion cubic feet per year
5. The United States’ massive consumption of natural gas is only 
expected to increase in the years to come. By 2020, the EIA has predicted that the consumption 
will rise to 23.4 trillion cubic feet
6
. 
PRODUCTION  
 In order to keep up with consumption the United States produces the most natural gas in 
the world with 21.0 trillion cubic feet annually. Russia is the second largest natural gas 
producing nation in the world with 19.3 trillion cubic feet per year7. In 2025, the EIA has 
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projected that domestic production will increase to 21.3 trillion cubic feet annually1. The EIA, 
however, has had a tendency to under forecast domestic production, especially in the production 
capabilities of unconventional natural gas
8
. Independent studies such as from Altos Management 
Partners Inc. have projected that in 2025 the United States will produce 27.23 trillion cubic feet 
of natural gas
1
.  
RESERVES  
 The United States has 237.7 trillion cubic feet, accounting for 3.8 percent of the total 
world reserves amounting to 6,254.4 trillion cubic feet. Russia has the most known natural gas 
reserves with 1,680 trillion cubic feet, which is 27 percent of the world total. Despite having only 
3.8 percent of the total proven reserves, the United States is still the largest producer
9
. This is 
because of the United States rapid consumption rate of natural gas. In order to satisfy the 
nation’s enormous appetite for natural gas, new reserves have to continuously be discovered 
because the older reserves are rapidly being used up. Amazingly, half of the natural gas 
consumed today is produced from wells drilled within the last 3.5 years
11
. If the US did not 
consume so much natural gas the country’s proven reserves would be at a much higher level. 
IMPORTS  
The United States’ massive consumption of natural gas outweighs its domestic 
production. In order to fill this gap, the US must currently import 3.7 trillion cubic feet of natural 
gas from foreign countries. The United States acquires 90 percent of its natural gas imports from 
Canada, with 3.3 trillion cubic feet
10
. Most of the supply of natural gas, therefore, does not 
depend on unstable foreign countries in faraway lands and can be transported just across the 
border through a pipeline. This makes the delivery system of natural gas cheaper, quicker, and 
more reliable. Unfortunately, the United States will eventually have to rely on other foreign 
countries because the gap between demand and domestic production is increasing. In 2025, it is 
predicted that the US will have to import nearly 9 trillion cubic feet of natural gas
11
. This 
increased reliance on imports would decrease the country’s energy security and the United States 
would lose billions of dollars by investing in foreign nations instead of at home. The world’s 
consumption, like the United States’ annual consumption, is increasing. The world’s rate of 
consumption is expected to increase on average by 1.6 percent every year. By 2020, the world’s 
annual consumption is projected to be at 136.8 trillion cubic feet6. An increasing worldwide 
consumption of natural gas will make the global market more competitive, thereby making 
foreign imports more expensive and unreliable. 
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UNCONVENTIONAL NATURAL GAS  
SHALE GAS  
There is, however, hope for the United States. The hope for America lies in 
unconventional sources of natural gas, especially shale gas. Shale gas is found in rich 
hydrocarbon shale rock formations deep below the earth’s surface. Shale gas is currently the 
most rapidly expanding trend in domestic natural gas exploration and production. 
Unconventional production currently accounts for 46 percent of the total domestic production 
and for 60 percent of the technically recoverable reserves. The most active shales today are the 
Barnett Shale, the Haynesville/Bossier Shale, the Antrim Shale, the Fayetteville Shale, the 
Marcellus Shale, and the New Albany Shale. The most productive drilling is the Barnett Shale in 
Texas which contributes 6 percent of all natural gas produced in the lower 48 States. The 
Haynesville, Fayetteville, Marcellus, and Woodford shales may have over 550 trillion cubic feet 
and could produce 3 to 4 trillion cubic feet annually for decades. Under current production rates, 
the United States, with the contributions of unconventional natural gas, has the ability to produce 
this fuel for 90 to 116 years. Shale gas has recently become economical to produce due to the 
advances in horizontal drilling and hydraulic fracturing.  Horizontal drilling optimized recovery 
and well economics more than the traditional vertical drilling. Horizontal drilling does a great 
job in exposing the shale rock formation for extraction. It also makes production more efficient 
by having many wellheads on a single well pad. This reduces the impact on the environment and 
the public if drilling takes place in a populated area. Hydraulic fracturing has been a key 
technology that has finally helped make shale gas production affordable. The hydraulic 
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fracturing process involves pumping fracturing fluid under high pressure into the shale formation 
to create fractures in the rock which allows the natural gas to be extracted at an economical rate. 
Hydraulic fracturing must be performed when drilling for shale gas unlike conventional natural 
gas reserves because of the low permeability of the rock.  
Prior to the advances in horizontal drilling and hydraulic fracturing, shale gas formations 
were bypassed due to the low matrix permeability of shale rock. Only small volumes of natural 
gas at very slow rates could be extracted from these rock formations. However, with the 
improved technology the domestic production of natural gas will continue. The United States 
will have an increased energy security and more time to transition to alternative energy.  
COALBED METHANE  
Coalbed methane (CBM) is a type of unconventional gas located in coal seams. Coalbed 
methane is generated from either thermogenic alterations of the coal or from a biological process 
by microbes on the coal. Coalbed methane is extracted at depths which are too deep for mining, 
typically between 150 to 2,000 meters. The coalbeds have very low permeabilities and contain 
large amounts of water in its pore spaces. The most of the natural gas is not contained within 
pores, but absorbed on 
the surface of the coal. 
This property of the 
coalbed formation allows 
more gas to be stored 
than conventional rocks 
in shallow, low-pressure 
formations. When 
extracting the natural gas, 
the large volumes of 
water located within the 
pores must be pumped 
out to reduce the pressure 
of the formation. The reduced pressure will allow the gas to desorb from the coal’s surface. The 
amount of desorption will determine how much natural gas can be extracted from a CBM 
reservoir. After the volumes of water are pumped out, the low permeable coalbed formation may 
need to be hydraulically fractured to ensure an economical flow rate. 
 The quantity of coalbed methane around the world is estimated to be between 2,400 and 
8,400 tcf. The United States has more than 700 tcf of natural gas in coal seams. In 2008, coalbed 
methane accounted for 7.5 percent of the annual domestic gas production at 1.9 tcf. The amount 
of CBM produced annually has been gradually increasing. Coalbed methane production is 
expected to contribute to the United States gas supply for many years to come. 
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TIGHT GAS SANDS  
Tight gas sands are another type of unconventional natural gas. Tight gas is contained in 
sandstone, siltstone, and carbonate formations with permeabilities less than 1 millidarcy. Tight 
gas sands are the largest and most developed out of 
all the unconventional reservoirs in the United 
States. Tight sands supply 25 percent of the total 
domestic production at 6 tcf annually. 310 tcf of 
tight gas is recoverable contributing to 17 percent of 
the known reserves of natural gas. There is an 
estimated 6,000 tcf of tight gas sands available in 
the United States with the potential of being 
extracted. The global tight sands resource is 
estimated to be around 30,000 tcf. Due to the low 
permeability of tight gas formations, techniques such as horizontal drilling and hydraulic 
fracturing must be implemented to extract the natural gas at an economic rate
14,15
.  
 
 
 
 
 
 
 
 
 
 
METHANE HYDRATES  
Methane hydrates are a very promising unconventional source of 
natural gas. A methane hydrate is a clathrate compound. A clathrate is a 
structure in which water molecules bond to form an ice-like cage that 
encloses a gas molecule, known as a guest molecule. In a methane 
hydrate, methane is the guest molecule. The methane trapped within the 
lattice of ice can be both biogenic and thermogenic. One cubic meter of 
gas hydrate contains around 164 cubic meters of methane. Methane 
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hydrates can only form under certain conditions when the pressure is moderate and the 
temperature is low. These conditions exist on the seabed or within and under the permafrost in 
arctic regions
1
. 
 
Methane hydrates are thought to be the most abundant source of natural gas on earth. The 
global amount of methane hydrate resources is estimated to be between 1,000 tcf and 10,000,000 
tcf. This is enough methane to supply the current global consumption rate for at least 9 years or 
up to around 90,000 years. Most of the methane hydrates are 
located on continental shelves at 500 to 1,500 meters in water 
depth. A lot of the seabed deposits are found in low concentrations 
spread over large areas, making it a difficult target to utilize. The 
arctic gas hydrates are located within and beneath the permafrost in 
areas such as Alaska, Canada, and Siberia at depths between 200 
and 1,000 meters. Arctic hydrates have the most potential of 
becoming economically viable for extraction. Ways to extract the 
arctic and seabed hydrates are currently under research and development. The technology for 
commercial extraction will optimistically be available by 2020. Despite the tremendous 
potential, it is uncertain if most of this abundant resource can be economically recoverable. If the 
technology can develop, methane hydrates will be the most important source of energy in the 
near future
2
. 
PRICES OF NATURAL GAS  
Natural gas prices have had a history of wildly fluctuating, especially during the past 
decade. These variations, however, can be expected to be alleviated with the increased use of 
shale gas. Recently, the wellhead price fell from $7.96 per thousand cubic feet (Mcf) in 2008 to 
$3.71 per Mcf in 2009
12
. The current prices are the result of the economic recession, so they do 
not make sense in the long run. The recent economic turmoil has rapidly reduced the demand for 
natural gas while its production has greatly increased because of the development of 
unconventional gas sources. During that time gas prices diminished due to an overabundance of 
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natural gas and a low demand caused by a weak economy. As a result, many natural gas 
companies capped their wells and cut their production in order to compensate for the reduced 
demand. From 2008 to 2009, there has been a 59 percent decrease in the number of working 
natural gas rigs
13
. However, since last year there has been an increase of 635 rigs and the average 
wellhead price has risen to $4.47 per Mcf1
2,13
. The current ability for gas companies to quickly 
dial up or dial down production has largely been attributed to the shale gas industry. This ability 
to quickly adjust production based on market trends can help maintain stable gas prices as the 
demand changes in the future. In the past, long exploration lead times for conventional natural 
gas often caused supply to be unsynchronized with demand changes. These imbalances then lead 
to the wild fluctuations in prices. With the increasing development of unconventional natural 
gas, the market will be better at responding to the imbalances and thus create steady price ranges.  
ENVIRONMENTAL IMPACT  
 Natural gas is the cleanest fossil fuel. Combusting natural gas primarily yields carbon 
dioxide and water vapor. Coal and oil have large quantities of other pollutants which are nitrogen 
oxides (NOx), sulfur dioxide, and fine particulate matter. Natural gas has 30 % less carbon 
dioxide emissions than oil and less than 50 % of coal.  
 
Having low emissions of the following combustion products is imperative to reducing damaging 
effects on the environment. Carbon dioxide is the main contributor to global warming. Ground 
level ozone which can cause permanent lung damage can form when volatile organic 
compounds, nitrogen oxides, and carbon monoxide react in the presence of direct sunlight. Fine 
particulate matter which include soot, ash, metals, and other airborne particle degrade the air 
quality and contribute to the premature deaths of citizens in areas of high particulate 
concentrations. Acid rain is another environmental and health problem which damages crops, 
forests, and is responsible for respiratory difficulties and other illnesses. Acid rain forms when 
sulfur dioxide and nitrogen dioxide react with water vapor in the presence of sunlight. The 
products of the reaction yield various chemical compounds in the air.  From the chart above, 
natural gas is obviously the least responsible for these problems. Using natural gas more often 
would be a wise decision to prevent negative environmental and health effects. This is why many 
people say that natural gas is the bridging fossil fuel to the low carbon renewable energy future. 
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WIND ENERGY 
 
Wind power has been around since 200 B.C.  While at that time it was used for pumping water, it 
has now developed into modern day wind turbines.  It is estimated by the U.S. energy 
information agency that the nation’s electricity demand will raise by 39% between the year 2005 
and 2030
1
.  In order to decrease reliability on foreign energy and reduce fossil fuel emissions, 
wind power must be increased. Today wind power accounts for 1% of the total electricity supply 
of the United States; however the Department of Energy published a report for the expansion of 
wind energy to 20% by 2030. 
PRODUCTION PROCESS  
TURBINE AERODYNAMICS  
The basic idea of modern day 
wind turbines is to capture the kinetic 
energy in wind.  When the sun heats up an 
area of land, the air becomes warmer by 
absorbing some of the heat.  The warmer 
air then begins to rise, because it is lighter 
than cooler air, and the fast moving warm 
air particles exert more pressure than the 
cooler slower moving particles. This 
means it takes less warm air to maintain 
the normal air pressure at a given height. 
As the hot air rises the cooler air fills the 
empty space which is wind. As the wind pushes on the blades, some of the energy is transferred 
into the blades.   The wind is kinetic energy which is also a fluid (particles are in gas form), and 
the rotor blades are designed to capture the energy, similar to a hydroelectric dam capturing 
energy from water.  Modern wind turbines depend on the aerodynamic principles of lift, which is 
perpendicular to the wind flow, and drag, parallel to the wind flow.  The blades are rounded on 
one surface and flat on the other surface, or have an airfoil design.  When the air flows over the 
rounded downwind side it must travel faster to meet the wind traveling on the flat upwind side of 
the blade which has no resistance. The rounded downwind side of the blade has a low pressure 
pocket of air above it, since the faster moving air tends to rise.  The low pressure pocket sucks 
the air in the downwind direction (the lift), and the wind is moving slower creating an area of 
3 
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higher pressure pushing on the blade slowing it down on the upwind side (the drag). Like 
airplane wings, an efficient blade has a high lift to drag ratio which is why they are twisted
2
. 
MODERN DAY TURBINES  
The turbine is built with large rotator blades that are attached to a shaft, usually 80 meters 
in the air.  The rotating blades convert the wind to rotational motion which turns the shaft.  This 
transfers the motion to the nacelle (casing that that holds the generator, gearbox, brakes and yaw 
controller), which contains the gearbox, and increases the rotational shaft speed.  Next, the 
rotational movement is converted into electricity at medium voltage (hundreds of volts) by the 
generator.  The electricity flows down the tower in cables were it reaches a transformer at the 
bottom of the tower, which increases the voltage to distribution voltage (thousands of volts).  
The electricity then flows through underground cables to a collection point where it is usually 
combined with energy from other turbines, then sent to local towns or can be sent to another 
substation where the voltage is again increased to transmission voltage (hundreds of thousands of 
volts).  This can then travel to further cities or factories. A figure of the modern day wind turbine 
is shown below: 
4 
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In order for the expansion of wind power, technology as well as location and placement 
of wind farms must be further developed.  Other than the current Horizontal Axis wind turbine 
(HAWT) there are Vertical Axis wind turbines (VAWTs).  These are much rarer and only have 
one model in commercial production, the Darrieus turbine.  Unlike the HAWT, VAWT is 
aligned with the wind.  This means there is no adjustment to be done if the wind direction 
changes, but it needs an energy boost from and electrical system to start rotating.  It is also lower 
because it uses cables to remain in place instead of a tower, which lowers the wind speed due to 
the height.  While they are less efficient than HAWTs, they are easier to maintain and service 
due to the low height.  These are seen in small scale rural areas.  Below is a diagram of a 
VAWT: 
 IMPROVEMENTS  
DESIGN IMPROVEMENTS  
New technologies in wind power are improving.  Manufacturers such as Tacke, Micon, 
and Vestas have commercialized turbines in Europe that have more conventional rotors and 
variable speed systems.  Much advancement is pioneered by Europe, and companies such as GE 
energy are adopting these ideas.  One of the latest designs includes a hinge at the connection 
between the nacelle and the tower which will allow it to move up in down in response to wind 
shear.  Lastly, switching from three blades to two blades is supposed to increase the efficiency 
and lower the cost of electricity production; however improvements would still need to be made 
to increase the stability
6
.  While there are some steps to be made in technology, many of the 
major steps have been made and other improvements such as size (higher towers and longer 
5 
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turbine blades capture more energy), placement, and climate research need to be made to 
increase to production of wind energy. 
IMPROVEMENTS IN THE GRID  
One major change that needs to be implemented is the grid.  Large scale industrial wind 
farms are not as effective because they are designed to supply a large grid which depends solely 
on the wind.  This is too inconsistent and requires fossil fuel energy to kick in and supply the 
remainder of the energy.  The constant change in energy renders the plant more inefficient.  
Smaller localized turbines used to power a single home are much more efficient because a 
generator can be used to supply the difference instead of the grid
7
.   
DOE  “20%  WIND ENERGY BY 2030”  
Other specific actions need to be taken, stated by the DOE on 2008.  Noted is the increase 
in price of turbines since 2004, because of demand of new equipment and technology.  In order 
to expand wind energy, the DOE states there will need to be an enormous increase in cost 
effectiveness.  However, certain research and actions need to be implemented. Specifically this 
includes turbine dynamics, micrositing and array effects, mesoscale processes, climate effects, 
and organizational and process improvements.  
TURBINE DYNAMICS  
Models for isolated turbine inflow characterization need to be made.  The current lack of 
mean wind speed, horizontal and vertical shears, and turbulent velocity fields limit accurate 
measurements of energy production, rotator loads, and machine lifetime.  Many computational 
models will need to be utilized for inflow in order to reduce the uncertainty of a turbine, and 
decrease finance and energy costs.  Models to characterize ingestion of wake from upwind 
turbines also must be developed.  If turbine wakes were added along with distributed and 
concentrated vortices, a greater range of spatial and temporal scale.  Also, field testing and 
experiments in wind tunnels will be necessary to help acquire data on the inflow.  This would 
reduce the uncertainty in deployed performance and decrease finance and energy costs.  
Characterizing extreme and anomalous inflow events, such as wind gusts or change in wind 
direction can put lots of stress on turbines and can cause damage.  If certain atmospheric models, 
such as large eddy simulations and Reynolds averaged Navier-Stokes models, were used with 
turbine aeroelastic models to predict extreme events on turbine operations.  Also, data from 
current measurement systems could be examined with different methods considered to be more 
effective for detecting extreme wind events.  These actions would drastically improve impacts on 
turbines by utilizing real time sensing and control response.  Specifically, deployed turbine 
reliability, and increased energy capture would be improved, along with the decrease of 
operations and maintenance costs
8
. 
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MICROSITING AND ARRAY EFFECTS  
Micrositing relates to changing location of a turbine in order to increase energy capture or 
reduce inflow turbulence, while array effects incorporates blockage and wake influences.  The 
construction of improved wake models would result in better array spacing.  While this is already 
optimal for small wind plants, large offshore wind plants or wind plants in complex terrain have 
poor predictions for power loss due to wakes.  Advanced planetary boundary layer research and 
development is needed, especially between heights of 50m and 200m.  Data must be collected 
from the inflow mean and turbulence statistics which will help describe atmospheric stability 
effects.  Better predictions of wind shear, turbulence, and extreme winds will allow improved 
design predictions for fatigue and extreme loads will help turbine micrositing and overall wind 
plant array placement thus preventing underperformance issues.  The acquisition and exploitation 
of large scale data sets of higher quality and broader range are needed to improve the quantifying 
of the devices that control the conversion of wind inflow to mechanical energy
9
.   
MESOSCALE PROCESS  
The Mesoscale process must be improved in the areas of participation as well as research.  
Improvements in Fundamental Understanding of Mesoscale and Local Flows is important 
because while current numerical weather predictions are reliable.  They focus more on severe 
weather rather than information necessary for wind energy, such as wind directions and wind 
shear.  Improved theories based on test and measurements are imperative for small scale 
atmospheric processes, for example; how ―nocturnal low-level jet and the resulting wind shear 
and turbulence affect wind power performance and machine loading?‖  The development of 
wind forecasting technologies for siting and adaptive operations is also important, including a 
link between large eddy simulation models, which are used to solve partial differential equations 
regarding turbulent fluid flow, and mesoscale models that quantify numerical weather 
predictions.  This link would provide a variety of forecast for both siting and adaptive operations.  
It is also recommended to have more effort in incorporating current research by other agencies 
into forecasting models.  The development and deployment of new instruments and 
observational strategies are needed to further improve the siting and adaptive operations.  This 
includes more measurements over a variety of turbine sites over several years would give a better 
assessment of the performance of the mesoscale models parameters
10
.   
CLIMATE EFFECTS  
Climate change has the potential to significantly damage wind energy production, which 
is why there needs to be much more research in climate effects.  Quantifying and understanding 
historic trends and variability of wind resources is essential, along with quantifying currently 
recognized global and regional index’s explain wind climates across a variety of scales.  The 
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improvement of predictions of wind resource mean and variability would help plan major 
investments in wind power.  Specific examples needed include the development of new 
techniques for downscaling, along with the examination of probability of change in extreme 
events relating to wind energy.  The characterization of interactions between wind plants and 
local/regional/global climates is also in need of much research.  Examples include development 
and evaluations of multi-scaled models that treat wind plants while incorporating them in 
mesoscale simulations, as well as the deployment of existing remote sensing technologies at 
current wind plants.  As a result of this research, a better understanding of the effect of wind 
plants on the environment, as well as impact of wind plants compared to other power plants 
could be reached
11
.  
ORGANIZATIONAL AND PROCESS IMPROVEMENTS  
In addition to scientific research, organizational processes must be improved, including 
three main administrative steps to correlate with the scientific research.  First, data access and 
sharing must be utilized to facilitate research.  While today some companies withhold 
information for competition, there needs to be legal standards put in place to provide sharing.  A 
cooperative research-industry working group to convene would help provide guidance for 
research efforts and ensure transfer of technology.  Lastly, meetings should occur that focus on 
more rapid transfer of technology from research to industry in order to expediate the 
effectiveness of wind energy
12
. 
 
TRANSMISSION SYSTEMS  
Some of the challenges that will occur include investment in the transmission system in 
order to provide much more wind energy to urban areas, which is shown on the map below. 
8 
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The development of larger electric load balancing areas in conjunction with improved 
regional planning is needed to improve regions dependability on a diverse generation of sources, 
including wind power.  Along with the improvement of technologies and research mentioned, the 
reduction of capital cost and general expansion and improvement in capabilities of the 
manufacturing supply chain is needed. 
 SMALL WIND  
While the U.S. leads the world in small wind turbine (100 kilowatts or less) development, 
further development is needed.  However, like other forms of renewable energy consumers are 
concerned with the high initial prices ($3,000-$6,000 per kilowatt) of grid connected installation.  
Turbine costs have increased since 2004 due to the demand for new equipment, and increase in 
commodities such as steel and copper.  While the payback period usually takes about ten to 
fifteen years, most consumers do not look past the high initial cost.  Not every home is efficient 
for wind energy, however rural homes and business with at least an acre of land in a good area 
could pay itself off even faster than ten years if a net metering arrangement is available from the 
utility, most power will be valued at the retail rate of electricity.  ―A homeowner using $60-100 
per month of electricity can save 10-20% off the electric bill with a 1 kW turbine, given strong 
wind resources. The same homeowner could expect to save 30-60% off that electric bill using a 3 
kW turbine. (Savings depend on average annual wind speed, tower height, electrical cost and 
average electric bill14.)‖  While the grid is another issue that people have with wind energy, 
possibly the most cost effective mean would be to avoid it completely.  For example an 
independent renewable energy system that incorporates a wind turbine, photovoltaic’s, batteries, 
inverter, and a back-up generator could be cost effective on a first cost basis and avoid monthly 
utility bills.  To strengthen this program financial incentive should be emplaced including 
investment tax credits, revolving loan funds, sales tax reductions, and property tax reductions. 
OTHER BENEFITS OF INCREASE IN WIND ENERGY  
The 20% wind plan is a great step in increasing wind into the national energy supply.  
Other indirect benefits will arise from this plan including the reduction of emissions from fossil 
fuels, less dependence on foreign energy, benefits for residential wind energy owners, a 17% 
reduction in water consumption(in energy sector), and the production of many new jobs.   In 
general, the expansion of wind energy depends on reducing costs effectiveness by reducing 
initial operations and maintenance and replacement costs, while increasing overall energy 
capture.  As shown in the figure below, there is a lot of land in the U.S. that is perfect for wind 
turbines.  Included in the map is some of the offshore wind turbine potential, this is a great spot 
for turbines because there are no trees or mountains to obstruct the ebb and flow of wind 
currents. 
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DECREASE IN CO2  EMISSIONS  
  If all of this area was utilized in combination with other renewable energy forms, such 
as solar, geothermal, and biofuels the nation could be completely independent in energy 
production, while reducing fossil fuel emissions drastically.  For example, a single 750 KW wind 
turbine produces 2 million KWh of electricity annually.  The average U.S. fuel mix emits 1.5 
pounds of CO2 for every KWh generated16.  This calculation shows the average prevention of 
CO2 emissions by a wind turbine per year; 
2 million kWh x 1.5 pounds CO2/kWh =  
3 million pounds of CO2 =   
1500 tons of CO2 each year.  
If taken a step further one can see that if by the year 2035 20% of electricity produced by the by 
wind would have a huge impact on CO2 emissions; 
If the total electricity demand is projected to rise to 5.8 trillion kwh by 2030, as predicted by the 
EIA, and if roughly 71% of energy production today produces CO2; 
5.8*10^12 kwh*0.71=4.11*10^12 kwh of CO2 emitting power produced (in 2030 if wind energy 
stays at 1% of total energy) 
15 
32 | P a g e  
 
5.8*10^12 kwh *(71%-19%=52%; 0.52) =3.016*10^12 kwh of CO2 emitting power produced 
(in 2030 if goal of 20% if reached) 
The total amount of CO2 that would be prevented from being emitted in 2030; 
4.11*10^12-3.016*10^12=1.102*10^12kwh; (1.102*10^12)/750 kw (avg wind turbine) 
=1469333333(turbines)*2 million (kwh produced annually) =2.9386*10^15kwh *1.5 pounds 
CO2= 4.408*10^15 pounds of CO2= 2.2*10^12 tons of CO2 prevented from being emitted 
annually if the 20% goal by 2030 if achieved. 
DECREASE IN WATER USAGE  
 The 17% reduction of water consumption is due to the minimal amount of water that is 
utilized in wind turbines.  As shown in the table below, wind uses 1/600 the amount of water as 
nuclear energy, and about 1/500 the amount of water as coal power plants. 
 
WATER CONSUMPTION--CONVENTIONAL POWER PLANTS 
Technology gallons/kWh liters/kWh 
 
Nuclear 0.62 2.30 
Coal 0.49 1.90 
Oil 0.43 1.60 
Combined Cycle 0.25 0.95 
WATER CONSUMPTION--WIND AND SOLAR 
Technology gallons/kWh liters/kWh 
 
Wind [1] 0.001 0.004 
PV [2] 0.030 0.110 
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TOTAL COST OF WIND   
Compared to other forms of energy, the per kilowatt production costs are average priced 
around $0.030 per kwh, construction costs priced at $0.050 per kwh, and the total cost of wind 
being $0.080 per kwh; 
TOTAL CONSTRUCTION COST= (MW RATING X 1,000) X (USEFUL LIFE) X (CAPACITY FACTOR X 
8,760) 
 (The MW rating is multiplied by 1,000 to convert to kW and capacity factor by 8,760 to 
convert to number of hours of energy produced in a year.) 
Per kwh production costs 
Nuclear: $0.019 
Coal: $0.027 
Natural Gas: $0.081 
Wind: $0.030 
Hydroelectric: $0.009 
Solar: No estimate found 
Total cost per kwh= construction costs per kwh + production costs 
per kwh + decommissioning cost per kwh (nuclear power only)  
A graph shows results of the cost effectiveness of each type of energy 
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These results reflect the high installation cost of wind as well as the low production cost.  
Surprisingly the total cost is cheaper than natural gas ($0.10 per kwh).  However, if the 
incentives are put in place and capital cost is reduced, the total cost would be much cheaper in 
2030. The total cost of the 2030 goal is predicted to be 2% more expensive than if the goal where 
not reached, this is only $0.50 per month per home, a small price to pay for so many positive 
impacts. 
LAND REQUIREMENTS  
Critics say that wind turbines take up a lot of land, however, while a large utility scale 
wind farm can require up to 60 acres per MW of installed capacity, only 5% of that land is 
occupied by the turbines itself or other equipment.  In many farms, the 95% not occupied by the 
turbines is used for farming.  In 2030, if the goal is reached, only 618,000 acres will be required 
for turbine use only out of the 15 million acres of total land use; this is also because more 
turbines will be installed offshore. 
WIND ENERGY COMPLAINTS  
While there are arguments suggesting that wind turbines are loud and disruptive, the case 
is not the same for small wind turbines.  Most of the noise complaints from large wind farms are 
a result of high speed transmission, which is not utilized in residential sized turbines.  Another 
argument is that wind turbines kill many local birds, while this has happened it is exaggerated 
beyond belief, statistically birds have a higher chance of flying into a sliding door than a local 
wind turbine
19
.  Some residents have also complained of the light emitted from turbines, while 
some are currently lighted, the Federal Aviation Administration only requires turbines to be light 
within two miles of a runway.  
FUTURE OF WIND POWER  
 Hypothetically, if only wind energy was improved by 20% and no other renewable 
energy forms where increased, the electric utility natural gas consumption would be reduced by 
50%, and total natural gas 
consumption by 11%.  Coal would 
also be reduced by 18%, along with 
avoiding the construction of 80 GW 
of new coal power plants.  This future 
energy mix can be compared with the 
results if the 20% wind plan is not 
reached; 
20 
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 Wind power installations would increase to more than 16,000 MW per year by 2018, than 
continue at a constant rate to 2030, and most states (46 states) would experience a significant 
development in wind power as shown in the graph below.  While this program would involve a 
commitment to clean and domestic energy, predictions show that according to the current growth 
of wind energy, the goal of 20% by 2030 is only 2% higher than projected, which makes this a 
very realistic goal. 
RECOMMENDATIONS  
Regarding small wind, there should be more incentives towards small localized wind 
plants that focus on reducing installation cost.  More research and incentives should also be 
implaced to make the best combination of renewable local power systems, including the usage of 
solar in conjunction with wind power. There should also be further advancements in large wind 
farms, mainly focused on making them more efficient and more money should be put into 
technological advancements such as rotor design.  The DOE energy plan should be followed 
strictly, as well as annual meetings to review progress of the plan, as well as adding any future 
recommendations for improvement.  Also, there should be more research into siting of large 
turbine plants to make sure they are put in best area possible to achieve maximum efficiency, 
which includes offshore wind turbines, which should also be further developed.  Each state 
should also cooperate on making the necessary improvements for the transmission systems, more 
money should be put into this development because it is imperative for the energy produced by 
the wind plants to be transported to major cities.  Recommendations should be emplaced 
regarding the local turbine complaints, which includes taking lights off existing turbines that are 
not necessary. 
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WINDMILL MODEL 
As a side project, a few of our group members decided to build a small model windmill to 
demonstrate how the turbine spinning converts into usable energy. Following are some images of 
the model that they built: 
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NUCLEAR ENERGY 
SAFETY, DESIGN, AND NUCLEAR WASTE 
President Obama recently granted more than $8 billion in federal loans to build two new 
reactors in Georgia
1
.  This is the first step to making Nuclear energy a bigger component in U.S 
energy production.  While this is just the beginning, many hope it will open the doors for further 
development in reactor design, safety, and nuclear waste. 
ENERGY PROCESS  
Fission is the exothermic reaction caused by splitting atomic nuclei of a Uranium isotope.  
This is the process which produces electricity in nuclear power plants today.  Uranium-235 is 
used because of its ability to undergo induced fission.  This happens by bombarding the Uranium 
with free neutrons.  A neutron will be absorbed by the U-235 
nucleus, become unstable then split.  This throws more 
neutrons out thus starting a chain reaction, which happens 
quickly and releases heat and gamma radiation.  200 million 
electron volts are released in the decay of one U-235 atom; 
―one pound of highly enriched Uranium is equal to one 
million gallons of gasoline.‖(How Nuclear Power Works, 
Marshall Brain and Robert Lamb)  Depending on how many 
neutrons are absorbed correlates to the temperature of the 
reactor.  The more neutrons that hit the uranium atoms, the 
more the reactor is heated.  Subcritical mass signals the end of 
induced fission while critical mass represents a stable 
temperature.  Supercritical mass will heat up the reactor, this 
is needed slightly and is controlled, and too much heating 
would result in the overheating of the reactor.  However, this 
is controlled by control rods, which absorb neutrons, which 
can be raised or lowered at will.  The Uranium is first mined and enriched with more U-235 
about 3%, then usually formed into pellets and submerged in water, used as a coolant, in the 
pressure vessel.  The Uranium undergoes induced fission, until it is slightly supercritical.  As a 
result, the water is heated to steam which drives a turbine that spins a generator and produces 
power.  Heating the water is the only difference between nuclear power and other forms of 
energy production, such as coal.  Below is a diagram of nuclear fission as it occurs in a reactor. 
2 
39 | P a g e  
 
NUCLEAR DEVELOPMENTS  
The newer design reactors reduce capital cost by having a simpler design, as well as more 
fuel efficient and improved safety.  Generation I reactors were the first build in the 1950’s and 
are now obsolete(except for the U.K.), Generation II reactors are the most common in the U.S. 
and around the world today.  Generation III reactors are the most advanced, only used by Japan, 
but are under construction around the world.  There is also a Generation IV reactor that is in its 
very early stages and estimated completion will not be before 20203.  Generation I reactors were 
efficient for their time but improved upon to generation II because of the lack of safety features.  
However, this limited the efficiency of the new reactors and made them much more expensive.  
Generation III reactors further improved the thermal efficiencies and further improved their 
safety by adding passive safety features which do not need human operation.   Generation IV 
reactors promise to reduce the half life of the radioactive waste (it will only be radioactive for 
decades instead of thousands of years), make the fuel up to 300 times more efficient, and the 
ability to use nuclear waste in energy production.   
EVOLUTION OF NUCLEAR POWER  
 
This figure shows the timeline of nuclear reactors as well as some examples of 
generation’s I-III.  Many of the advanced reactors, which are generation III, are improvements of 
the traditional pressurized water reactors or boiling water reactors. Examples include the 
advanced boiling water reactor (ABWR) and the advanced pressurized water reactor (PWR), 
both are in the 1300 MW range and are planned to be constructed in the U.S. There are also 
many radical designs, one of the more popular being the Pebble bed modulator reactor (PBMR), 
which uses Helium as a coolant to drive the turbines directly.  Fast Neutron Reactors is another 
type of reactor which uses fast Neutrons, does not use a moderator, and produces more 
plutonium while in use (from the U-238 isotope).  This produces 60 times more energy from the 
4 
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Uranium than current reactors.  These fast reactors burn the fuel longer which extends the life of 
the fuel producing a stronger output and less dangerous waste.  However, they are expensive to 
build,  are vulnerable to long repairs if damaged, and still pose a safety risk(if using a sodium-
cooled fast reactor, leaks could be dangerous due to reactivity of sodium.), but development is 
set to increase in the next 20 years
5
.  Smaller reactors are now being seen as a possible solution, 
in order to reduce capital costs and to spread the power out from one grid system.  These reactors 
are ―small‖ if they produce less than 300 MW.  Lastly, Accelerator- Driven systems are a more 
recent development which utilizes fission and accelerator reactors which produce electricity and 
transmute radioactive wastes
6
.  Neutrons are produced by spallation (nuclear reaction where light 
particles are ejected from bombardment), which in turn cause fission in the fuel.  However, the 
fuel is sub-critical, unlike modern reactors and fission is stopped when the accelerator is turned 
off.  The fuel can be Uranium, Plutonium, or Thorium, even waste from other reactors could be 
utilized.  The use of Thorium would be very important because it is three to five times more 
plentiful on earth than Uranium. 
USING THORIUM AS FUEL  
The United States produced 787.22 billion kwh of electricity through nuclear fission in 
2006, and the world uses an average of 65,000 tons of Uranium each year, and if the 
consumption rate were to remain steady, the Uranium reserves would run out in 84.62 years, 
which does not include a worldwide increase in nuclear fission.  While technologies promise 
improvement of Uranium efficiency, these reserves would run out too soon.  The use of Thorium 
of fuel would be an enormous benefit to nuclear power. The diagram below illustrates the 
Thorium energy cycle. 
 
  7 
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 Thorium has a longer half life than Uranium, as 
well as more concentrations (2%-10%) than Uranium 
(0.1%-1%).  As a result it is cheaper to extract.  The 
naturally occurring Thorium has one isotope, Thorium-
232.  In a thorium reactor, the fuel mix includes 
Thorium and a small amount of Uranium which 
initiates the start up of the first reactor.  The Uranium is 
used to decrease the time and capital of the fuel cycle.  
As the reactor produces electricity, Uranium-233, 
which is a result of the Thorium, increases the core 
radioactivity and power output.  The original small 
amount of U-235 is burned up and the reactor is then 
powered solely on Thorium- 232.  Over the expected 
lifetime of the reactor, only 3% of the original Thorium 
load mass is added every 18 months and very little or 
no Uranium is added.  Thorium reactors have currently 
not been progressing due to the slow nuclear breeding 
and capital-intensive process, which is why the 
introduction of Uranium to start the reactors is advised.  
Some believe that it is not as popular because it is not 
as easy to weaponize, because it has no fissile isotope, 
like Uranium.  However, this could turn into a major 
advantage to avoid weapons proliferation. The table 
below compares the known recoverable reserves of 
Uranium compared to the reserves of Thorium. (The 
table only shows the estimated Thorium available at a 
cost of 80$ per kg, there is still much more Thorium in 
the world which is not documented or more expensive to 
recover.) 
 
 
 
 
 
 Tonnes U 
Percentage 
of World 
Australia 1,673,000 31% 
Kazakhstan 651,000 12% 
Canada 485,000 9% 
Russia 480,000 9% 
South Africa 295,000 5% 
Namibia 284,000 5% 
Brazil 279,000 5% 
Niger 272,000 5% 
USA 207,000 4% 
China 171,000 3% 
Jordan 112,000 2% 
Uzbekistan 111,000 2% 
Ukraine 105,000 2% 
India 80,000 1.50% 
Mongolia 49,000 1% 
other 150,000 3% 
World total 
5,404,000    
8 
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URANIUM  
Uranium can be found throughout the world, however, only the Uranium ore is mined 
because it is economically feasible. The diagram below illustrates the major countries which hold 
the world’s supply of Uranium.  
 
URANIUM MINING  
 Most Uranium ore mined only contains about 0.12% of pure Uranium, and the most 
common ores are pitchblende, uraninite, and carnotite.  There are a several techniques for 
mining, the most common being box cut mining, open pit mining and in situ leaching.   
Box cut mining- A small open cut is created to create a safe passage to a decline to an 
underground mine.  The cut is sunk until there is enough unweathered rock to permit the decline. 
Open pit mining- Overburden, or the material that lies above the Uranium, is removed via 
drilling and blasting to expose the ore which is mined by excavation and blasting. 
Underground Uranium mining- This technique is used if the Uranium is too far below the 
surface for open pit mining, and usually consists of tunnels which are dug to remove the 
Uranium ore.  Once the ore is identified, a shaft is sunk into the ore veins and crosscuts are 
driven horizontally from the veins at different depths (usually every 100 to 150 meters).  Drifts 
are also made along the ore veins from the crosscuts.  The extraction of the ore consists of 
driving tunnels, known as raises, which are driven upwards and winzes down through the deposit 
from level to level.  Raises are then used to develop the stopes, or the point at which the ore is 
mined through the veins. 
9 
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Heap leaching- Process in which waste rock piles are leached using chemicals to extract 
the Uranium.  Usually this is only economically feasible for oxide ore deposits, which are 
usually found near the surface.  The leaching liquid percolates from the top to the bottom of the 
pile, and then the liquid is caught then pumped to a processing plant. 
In situ leaching- Involves leaving the ore in the ground, and retrieving the minerals by 
dissolving them then pumping the solution to the surface where the minerals are recovered.  The 
ore body needs to be permeable to the liquids used in the process to avoid contamination of the 
groundwater away from the ore body.  This method utilizes the groundwater in the ore body 
which is fortified with an oxidant.  It is then pumped through the underground ore body to 
recover the minerals by leaching.  When the solution is returned to the surface, the Uranium is 
recovered. 
Recovery from seawater- This technique is not widely used and more research is being 
done in this concept.  There is a very large amount of Uranium in the seawater, though 
concentrations are extremely low (3.3 ppb), if this technology was made economically viable it 
would vastly increase the supply of Uranium for nuclear power plants.  One method which is 
used is using Uranium-specific nonwoven fabric as an absorbent.  The total amount of Uranium 
recovered in this method was recorded at less than 1 kg of Uranium after 240 days of 
submersion.  According to the Organization for Economic Co-operation and Development 
(OECD), Uranium may be extracted from seawater by this method for $300/kg-U.  After 18 
subsequent trials, it was estimated that the lowest cost attainable was $240/kg-U. 
Today over of half of the worlds Uranium comes from underground mines, 27% from 
open pit mining, and 19% from In situ leaching.  While underground mining is the most common 
today, it exposes the workers to the highest level of radon gas
10
.  Also, while open pit mining and 
underground mining are the most common, they produce the most mine waste which can be 
dispersed by the wind that can cause health effects to the workers, contaminate the environment, 
or contaminate the groundwater.  
SAFETY  
Since the beginning of Nuclear power, there has been a strong awareness of the potential 
risks that could occur.  The catastrophic consequences that could occur and the public fears 
include are a reactor meltdown, and release of harmful radiation.  There have only been two 
major nuclear power plant accidents in the 12,000 commercial reactor years of operation, which 
are the Three Mile Incident, and Chernobyl.  Only Chernobyl had serious radiation effects to the 
public.  While the three mile incident had no casualties, there were many changes made as a 
result.  The major change was increased training for the operators.  At the time of the problem, 
the operators had to look through a book to think of what to do, as a result the Institute of 
Nuclear Power Operations was founded (INPO).  The incident also led to dramatic increases in 
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reactor safety, which resulted in significant increases in capacity factors
11
.  Every country which 
operates Nuclear power must have an inspection by The International Atomic Energy Agency 
(IAEA), which was designed by the United Nations in 1957, and is reported of any major or 
minor incidents occur.  One requirement that Nuclear power plants must meet, according to the 
Nuclear Regulatory Commission, is the reactor must meet a 1 and 10,000 year core damage 
frequency.  This means there are a 1 and 10,000 chance of any core damage occurring each year, 
or reactor year (RY).  However, the U.S. requires 1 in 100,000 years and new reactor designs 
could permit a 1 in 10 million year core damage frequency12.  The new reactor designs are also 
focusing on passive safety systems, requiring no operator in the event of a malfunction. Studies 
have shown that under the worst possible conditions, such as a core meltdown along with breach 
of containment, any western designed reactor will not permit any radiologic disaster.  After 
recent studies support that Nuclear power plants hold a much less dangerous amount of radiation 
than suspected, it can be said that it is one of the more safe forms of energy generation. 
ENERGY RELATED ACCIDENTS SINCE 1977 
                     Place                 Year                  #Killed                      Comments 
Machhu II, India 1979 2500 hydro-electric dam failure 
Hirakud, India 1980 1000 hydro-electric dam failure 
Ortuella, Spain 1980 70 gas explosion 
Donbass, Ukraine 1980 68 coal mine methane explosion 
Israel 1982 89 gas explosion 
Guavio, Colombia 1983 160 hydro-electric dam failure 
Nile R, Egypt 1983 317 LPG explosion 
Cubatao, Brazil 1984 508 oil fire 
Mexico City 1984 498 LPG explosion 
Tbilisi, Russia 1984 100 gas explosion 
northern Taiwan 1984 314 3 coal mine accidents 
Chernobyl, Ukraine 1986 47+ nuclear reactor accident 
Piper Alpha, North Sea 1988 167 explosion of offshore oil platform 
Asha-ufa, Siberia 1989 600 LPG pipeline leak and fire 
Dobrnja, Yugoslavia 1990 178 coal mine 
Hongton, Shanxi, China 1991 147 coal mine 
Belci, Romania 1991 116 hydro-electric dam failure 
Kozlu, Turkey 1992 272 coal mine methane explosion 
Cuenca, Equador 1993 200 coal mine 
Durunkha, Egypt 1994 580 fuel depot hit by lightning 
Seoul, S.Korea 1994 500 oil fire 
Minanao, Philippines 1994 90 coal mine 
Dhanbad, India 1995 70 coal mine 
Taegu, S.Korea 1995 100 oil & gas explosion 
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Spitsbergen, Russia 1996 141 coal mine 
Henan, China 1996 84 coal mine methane explosion 
Datong, China 1996 114 coal mine methane explosion 
Henan, China 1997 89 coal mine methane explosion 
Fushun, China 1997 68 coal mine methane explosion 
Kuzbass, Russia/Siberia 1997 67 coal mine methane explosion 
Huainan, China 1997 89 coal mine methane explosion 
Huainan, China 1997 45 coal mine methane explosion 
Guizhou, China 1997 43 coal mine methane explosion 
Donbass, Ukraine 1998 63 coal mine methane explosion 
Liaoning, China 1998 71 coal mine methane explosion 
Warri, Nigeria 1998 500+ oil pipeline leak and fire 
Donbass, Ukraine 1999 50+ coal mine methane explosion 
Donbass, Ukraine 2000 80 coal mine methane explosion 
Shanxi, China 2000 40 coal mine methane explosion 
Muchonggou, Guizhou, 
China 
2000 162 coal mine methane explosion 
Zasyadko, Donetsk, 
E.Ukraine 
2001 55 coal mine methane explosion 
Jixi, China 2002 115 coal mine methane explosion 
Gaoqiao, SW China 2003 234 gas well blowout with H2S 
Kuzbass, Russia 2004 47 coal mine methane explosion 
Donbass, Ukraine 2004 36 coal mine methane explosion 
Henan, China 2004 148 coal mine methane explosion 
Chenjiashan, Shaanxi, China 2004 166 coal mine methane explosion 
Sunjiawan, Liaoning, China 2005 215 coal mine methane explosion 
Shenlong/ Fukang, Xinjiang, 
China 
2005 83 coal mine methane explosion 
Xingning, Guangdong, China 2005 123 coal mine flooding 
Dongfeng, Heilongjiang, 
China 
2005 171 coal mine methane explosion 
Bhatdih, Jharkhand, India 2006 54 coal mine methane explosion 
Ulyanoyskaya, Kuzbass, 
Russia 
2007 150 coal mine methane or dust explosion 
Zhangzhuang, Shandong, 
China 
2007 181 coal mine flooding 
Zasyadko, Donetsk, 
E.Ukraine 
2007 101 coal mine methane explosion 
Linfen city, Shanxi, China 2007 105 coal mine methane explosion 
Tunlan, Shanxi, China 2009 78 coal mine methane explosion 
Sayano-Shushenskaya, 
Khakassia, Russia 
2009 75 hydro power plant turbine disintegration 
Hegang city, Heilongjiang, 
China 
2009 108 coal mine methane explosion 
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This table shows among coal, hydro, natural gas and oil, nuclear has the least amount of 
fatalities linked to its use.  The United States closely monitors the aging process of the nuclear 
components.  This is done so by licensing renewal, which can grant the plant further operation 
for up to sixty years.  During this time older components are replaced or modified to ensure 
safety.  Plants in the west operate with a ―defense-in-depth‖ approach.  This includes high 
quality design, equipment which utilizes less human operation thus less error, maximum testing 
and monitoring of equipment, systems that control damage to fuel and significant radioactive 
release, and provisions to limit severe effects of any problem to the plant itself.  Reactor safety is 
very important; this includes ―negative temperature coefficient and negative void coefficient14.‖  
The negative temperature coefficient occurs when thermal conductivity rises with increased 
temperature.  The temperature increases results in the decrease of the reaction efficiency, which 
is used as a control.  The negative void coefficient means the amount of water near the fuel rods 
is limited by the reactor, so any resulting loss of water allows more neutrons to escape in turn 
slowing fission.  There are also the control rods which are engineered to absorb neutrons in order 
to decrease fission.  However, there is a safeguard if this does not work, the backup emergency 
core cooling system, which removes excess heat if needed. 
SAFETY OF TRANSPORTATION  
 Transportation of Vitrified waste is also strictly regulated.  The waste is stored in a 
stainless steel container, where it is cooled and solidified.  They are then placed into a cask, 
which can hold up to 28 canisters, and are usually put on transport vessels.  There has never been 
 a breach or leak of the casks.  Below is a diagram of the cask;
 
 
13 
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ANTI-TERRORISM SAFETY  
 The last major issue of nuclear safety is a terrorist attack.  While today this unfortunately 
is a very real danger, preventions have been taken into place.  The reactor is in the center of the 
plant which is housed by a larger steel vessel.  This is housed by a concrete linear which is at 
least 1 meter thick, which is also housed by another concrete building.  Studies have confirmed 
that a fully fueled Boeing 767- 400 flying at 560 km/h (max speed for precision flying near 
ground) would not penetrate the containment.   
DISPOSAL OF NUCLEAR WASTE  
Disposal of Nuclear waste is also an issue today, and though there are solutions, they are 
currently not being implemented in the U.S.  The main issue is the disposal of the high-level 
waste, which is the spent fuel from the reactor.  All of the Low level waste is able to be 
compacted, then buried or incinerated because of its low concentrations of radioactivity.  
Intermediate level waste contains more radioactivities and requires shielding; this includes 
contaminated materials from reactor decommissioning and chemical sludge.  The disposal of the 
solids is solidified in concrete or bitumen.  The mining of Uranium produces mill tailings which 
include naturally radioactive elements.  The only danger from this is radon gas which is harmful.  
They are stored in a dam and covered with a layer of rock and clay for long term protection, but 
for short term protection they are covered with water.   The high-level waste consists of 95% of 
the radioactive waste and requires cooling and shielding.  Waste reduction is the step which the 
U.S. is currently taking, in an average 1000 MW plant, only 72 m
3
 disposal volume is produced, 
compared to 400,000 tons of ash from a coal fire plant of the same capacity.  The high level 
waste is usually stored at the reactor site or in ponds, which also acts as a coolant for the waste
16
.  
While long term disposal was planned to be at Yucca Mountain in Nevada, it has been stalled 
due to lack of funding.  The U.S. is also close to recycling used fuel; however, currently this 
would not be economically feasible as it is much more costly to recycle the fuel than direct 
storage.  While this is a setback, it is not imperative to have a geologic site tomorrow; however a 
site must be selected in the coming years.   
WASTE TREATMENT TECHNOLOGIES  
VI TRIFI CATIO N- Stabilization of waste into non reactable or non degradable form forms a glass, 
used for long term storage. 
ION  EX CH ANGE- Usually treats intermediate waste, concentrates radioactivity to smaller 
volume.  Treated to remove radioactivity (ex. A ferric hydroxide floc), then solidified and 
discharged. 
SYN RO C- An Australian synthetic rock made up of titanate minerals that combines with high 
level waste, which is calcined to a powder then compressed into a hard rock.  This is not used on 
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a large scale and is still being researched, and if it proves successful could be a huge impact on 
 radioactive waste disposal.
DECAY OF RADIOACTIVE WASTE  
This figure shows the length of time it takes 
for the radioactive waste to decay; the goal is to get 
it at the original ore radioactivity, which will take 
about 1000 years.  The cost of managing and 
disposing the waste is 5% of the total cost of 
electricity generated.  All nuclear plants in the U.S. 
are required to put a significant amount aside for 
waste management.  The most immediate 
recommendation for nuclear waste disposal is to 
find a site for disposal, while this would be 
expensive to prepare, it would ultimately be a 
better choice than storing the waste on site. 
TOTAL COST  
Many people tend to look down upon nuclear energy not only as being ―unsafe‖ but also 
being too expensive.  However if one looks at the total cost, not just capital cost of a nuclear 
power plant compared to other forms of energy, it would look a lot more superior.  First, the total 
cost per kWh is calculated; 
Total construction cost= (MW rating x 1,000) x (useful li fe) x (capacity 
factor x 8,760)  
(The MW rating is multiplied by 1,000 to convert to kW and capacity factor by 8,760 to convert 
to number of hours of energy produced in a year.) 
Per kWh construction costs= $0.014 to $0.024 
Per kWh production costs= $0.019 
Decommissioning cost per kWh= $0.0015 
Total cost  per kWh= construction costs per 
kWh + production costs per kWh + 
decommissioning cost per kWh (nuclear 
power only)  
Total cost per kWh= $0.04 
17 
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As shown in the bar graph in the wind power section, nuclear power is tied with coal in 
the second cheapest from of energy.  Included in the production costs is the acquisition of 
Uranium, employees, administration and supplies, waste disposal, and fuel costs.  The 
percentage of fuel costs in total production cost compared to gas and coal production cost is 
surprisingly small as shown in the graph below; 
The total fuel cost is about a third of the cost of a coal fired plant and almost one forth the cost of 
a gas combined cycle plant. 
PLANT LAND REQUIREMENTS  
The amount of land a nuclear plant utilizes for construction and operation is about 1 to 4 
square kilometers, some plants are a little larger than coal fired plants, due to the safety 
requirements put in place by the NRC and other security agencies.   
POTENTIAL OF NUCLEAR POWER  
Hypothetically, if the production of nuclear energy was doubled, the weighted average 
energy cost per kwh would be reduced by 1.7% (total current weighted average calculated at 
$0.059, if nuclear energy was doubled; $0.058). The increase in nuclear energy would replace 
existing coal, therefore dramatically decreasing emissions. The tables below show the current 
electricity generation and if production were doubled including the cost per kwh and the 
weighted average cost; 
2008 US ELECTRICITY GENERATION BY SOURCE & WEIGHTED AVERAGE COST PER KWH 
Energy Source % of Total Cost per kWh Weighted Avg Cost 
Nuclear 19.7% $0.04 $0.008 
Hydro 6.1% $0.03 $0.002 
Coal 48.7% $0.04 $0.022 
Natural Gas 21.4% $0.10 $0.022 
Petroleum 1.1% $0.10 $0.001 
Other Renewables 3.0% $0.15 $0.005 
 100%  $0.059 
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PROJECTED US ELECTRICITY GENERATION BY SOURCE & WEIGHTED AVERAGE COST PER KWH BY 
DOUBLING NUCLEAR ENERGY 
Energy Source % of Total Cost per kWh Weighted Avg Cost 
Nuclear 39.4% $0.04 $0.015 
Hydro 6.1% $0.03 $0.002 
Coal 29.0% $0.04 $0.013 
Natural Gas 21.4% $0.10 $0.022 
Petroleum 1.1% $0.10 $0.001 
Other Renewables 3.0% $0.15 $0.005 
 100%  $0.058 [change of -1.7%] 
 
While this seems like an obvious incentive to double or even triple the production of 
nuclear energy, nuclear energy cannot replace peak production.  This includes petroleum and 
natural gas production, because they can be fired up and turned down very quickly, unlike 
nuclear power plants.  While it cannot replace natural gas, it can definitely replace many of the 
coal plants we have currently.  If the mining of uranium and the technology of enrichment 
improves, this could be a very possible outcome in the near future and in combination with the 
growth of renewable energy could dramatically reduce emissions and even reduce cost of energy.   
 
OBAMA ’S PLAN FOR NUCLEAR ENERGY  
All of these improvements are likely to increase due to the Obama initiative and the large 
sums of money he plans to invest in Nuclear energy.  His motivation to expand Nuclear energy is 
because it ―comprehensive energy legislation that assigns a cost to the carbon pollution of fossil 
fuels‖.  As a result many companies will have an incentive to move to cleaner energy.  He stated 
there will be more incentives for the building of new plants, which is necessary due to the high 
construction costs.  However, the risk for default for new reactors is high, calculated as high as 
50%.  He also supports this proposal with the fact that it will create about 3,500 new jobs due to 
construction  However, this will not be into effect until 2012 at the earliest due to the licensing 
process for Nuclear energy.  
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RECOMMENDATIONS  
While development is almost at the max potential for capacity factors, more research into 
new more efficient forms of nuclear energy, such as fast neutron reactors and accelerator driven 
reactors should continue, as well as further research and experimentation using Thorium.  More 
research should be done to discover Uranium and Thorium due to the limited supply, as well as a 
push that includes more research into Thorium usage and providing incentives for the use of 
Thorium in nuclear reactors.  Safety should also be addressed in all areas of nuclear power, this 
includes Uranium mining; due to the potential health risks of open pit mining and underground 
mining, other technologies of mining such as heap leaching and in situ leaching should be 
utilized much more often, which could include incentives for companies which utilize the safer 
forms of mining.  While safety has always been a major concern and area of focus for nuclear 
reactors, anti- terrorism safety processions could be improved; safety provisions should be the 
most important part of expanding nuclear energy, while all modern reactors are safe, 
recommendations should be put forth to safely guard all new reactors that are being designed, as 
well as more programs and safeguards for workers at the nuclear power plant.  Further training 
programs should also be necessary for workers dealing with nuclear energy at the reactor sites, 
nuclear waste disposal, and transportation of waste, to minimize spills due to human error.  The 
most important step that must be taken regarding long term nuclear disposal is finding a site 
inside the U.S. to store radioactive waste.  President Obama is correct about increasing Nuclear 
energy, it seems somewhat ironic; he proposed eliminating the planned dump site at Yucca 
Mountain.  This will put much more pressure on the solution for radioactive waste.  Storing the 
waste on site for the time being can only last so long, which is what the president plans to do for 
the meantime.   
This new site should be selected within the next few years, and following selection the 
government should immediately provide money to prepare the site for storage.  Techniques for 
storage of initial waste, such as Ion exchange and Synroc, should also be further studied and used 
more, as well as providing incentives and research into other techniques which reduce 
radioactivity of the waste.  
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CANCER AND NUCLEAR POWER 
 Since Nuclear power became a source of energy for the world, people began to assume 
catastrophes were eminent.  After atomic bombs were dropped on Hiroshima and Nagasaki, and 
the health effects of radiation were seen, there was lots of opposition towards nuclear energy.  
However, while most of these fears are nowadays not feasible, due to the safety of the plants, 
some health effects have been observed near nuclear power plants.  While nuclear energy is said 
to be ―clean‖ compared to fossil fuel energy sources, it does not come without a price. 
CHILDHOOD CANCER  
 Many case studies have taken place, and while some have not shown any statistical 
information about health problems, others show the opposite. Specifically, cancer is the most 
notable health effect caused from human exposure to some of the nuclear power’s emissions or 
waste.  There can be over one hundred chemicals produced by fission, the process to create 
nuclear energy.  While most of these harmful chemicals are stored as high-level waste products, 
there is a small percentage that is emitted in operation, or by accident. The most dangerous of 
these emissions being Tritium (detailed section below), which is emitted and can bioaccumulate 
in food and can leak into water, this is most dangerous for fetuses and embryos
22
.  This could be 
a major cause of childhood leukemia, and other developmental issues.  The table below shows 
the decrease in childhood cancer following the shutdown of nuclear reactors.  This proves that 
there is a very significant change in the incidence of cancer in toddlers following the closing of 
nuclear reactors. 
TRITIUM  
 Tritium (
3
H) is an unstable atom due to its two extra neutrons in its nucleus, which give 
the atom an excess amount of energy.  As a result it undergoes radioactive decay, emitting two 
radiations: a beta particle (ß
-
) and an anti-neutrino. 
  
3
H --> 
3
He + ß
-
 + anti-neutrino
3
 
The beta particle is the only concern to human 
safety; however it is only dangerous if it is taken 
into the body (inhalation of vapor, ingestion, 
absorption in skin by open wounds).  This is called 
tritiated or heavy water.  Below is a diagram of the 
possible ways in which a person can be exposed to 
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Tritium directly under a plume, which is the Tritium moving with the groundwater; 
While there are many ways to be exposed, some are not significant.  For example the HT (similar 
to hydrogen gas) is not a significant safety hazard due to the small percent of the gas (0.005%) 
being deposited in the lungs. (OBT stands for organically bound tritium, HTO Stands for tritiated 
water.)  
 THYROID CANCER  
Another specific health problem caused near some nuclear plants is Thyroid cancer.  
Some of the highest rates are counties within ninety miles of the sixteen nuclear reactors, which 
include New Jersey, New York, and Pennsylvania.  Specifically, four counties closest to the 
Indian point plant (within 20 miles) have the 4
th
, 5
th
, and 8
th
 highest rate of Thyroid cancer in the 
U.S.(Rockland, Putnam, and Orange county) and the other county is also much higher than the 
U.S. rate of 8.9 cases per 100,000 people (Westchester).  This table displays the rates of Thyroid 
cancer per 100,000 people in the 4 counties compared to all other counties in New York from 
1976-2005.  This graph shows an enormous increase in Thyroid cancer cases every year in the 4 
counties, and the gap appears to widen most recently in the years 2001- 2005. 
 
THYROID CANCER CASES IN FOUR COUNTIE S VS .  OTHER NY  COUNTIES  
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MALES  
Year                                             4 Counties                                      NY                                   
                    Cases per 100,000                        Cases per 100,000 
1976-1989 2.35 2.34 
1981-1985 2.97 2.35 
1986-1990 2.99 2.52 
1991-1995 3.3 2.99 
1996-2000 5.14 3.95 
2001-2005 7.62 5.22 
 
FEMALES  
Year                                                 4 Counties                                      NY                              
                     Cases per 100,000                          Cases per 100,000 
1976-1989 4.42 4.63 
1981-1985 5.39 5.11 
1986-1990 5.97 5.3 
1991-1995 7.61 7.13 
1996-2000 13.71 10.22 
2001-2005 21.27 14.38 
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CANCER AND ENERGY 
 
The 20
th
 century has been one of the most significant moments in human history where 
the world has changed the most. A lot of new discoveries and new technologies have been 
developed and the industry started to grow rapidly. 
As the industry grew, the energy industry also started growing a lot; people started to consume 
more energy and more energy plants were needed to be built to supply all consumer needs. 
ENERGY PRODUCTION SINCE 1975 
 (Billion BTU’S)
 
We can see in the graph above how the four most important energy sources in the world 
(petroleum, Natural gas, nuclear and coal) have been growing in production very quickly in the 
last 35 years. 
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 At the same time we can observe in the chart bellow how cancer cases have been increasing in 
the last 35 years every 100,000 people in the United States. 
In 1975 it use to be an average of 400 cancer cases every 100,000 people and it increase to 512 
cases per every 100,000 people by the year 1995. Then thanks to some medical research and 
developments it decreased to 470 cases by the year 2007. 
 The male population has been much more affected by cancer than the female population, 
we believe that this is do to the different activities that males and females realize in their daily 
lives and works. 
By looking at these two graphs, and taking into consideration that most of the people that work 
in the energy plants, in the production areas are male we can infer that there is a relationship 
between the number of cancer cases and the grew of the energetic industry in the united states. 
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In the table bellow we can see all the carcinogenic compounds that are contained in each of the 
principle nonrenewable energy sources. 
 
 
 
 
 
 
 
 
 
 
 
While all these energies have negative health effects, studies are emerging on how to better 
reduce these health problems while increasing efficiency.  Such as using different types of coal 
to produce electricity.   
 
 
 
 
 
 
 
 
 
 
Substance Carcinogenic Compounds 
Petroleum   Benzene. 
  Toluene. 
  Radioactive Materials. 
  Benzo[a]Pyrine. 
Natural Gas   Benzene. 
  Toluene. 
  Formaldehyde. 
  Radon. 
  Benzo[a]Pyrine. 
Coal   Arsenic. 
  Cadmium. 
  Chromium. 
Nuclear   Tritium. 
  C-14 
 
60 | P a g e  
 
COAL 
Coal: Coal is a combustible, dark brown sedimentary rock form mostly of carbon and 
hydrocarbons. It is the primary fossil fuel produced in the United States. Because it takes 
millions of year to create, Coal it’s considered a nonrenewable energy source. Most of the energy 
in coal comes from plants that had lived hundreds of millions of years ago, when the Earth was 
full of natural forests. For millions of years, layers of water and dirt, trapping the energy of the 
dead plants, covered a layer of dead plants at the bottom of the swamps. The heat and pressure 
from the top layers helped the plant remains turn into what we today call coal. 
Coal Chemical Structure 
TYPES OF COAL  
In the world there exist many different types of Coal. The most common types of coal are 
(anthracite, bituminous, subbituminous, and lignite) and they are rank depending on the amounts 
and types of carbon it contains and on the amount of heat energy it can produce. The coal deposit 
is rank depending on the heat and pressure on the plant debris as it sank deeper and deeper over 
millions of years.  
AN TH RACI TE :  This kind of coal contains between 86-97% of carbon, its heating value is a little 
higher than bituminous coal. Most of the Anthracite mines are located in northeastern 
Pennsylvania. This type of coal accounts for only 0.5% of the coal mined in the United States.  
BITUMINO US  CO AL :  This kind of coal contains between 45-86% carbon. This coal it’s consider 
the oldest in the United States, is between 100 to 300 million years old. The Bituminous coal is 
the most abundant coal found in the United States; almost 50 % of U.S coal production comes 
from Bituminous coal. Bituminous coal is used to generate electricity and is an important fuel 
and raw material for the steel and iron industries, the coal its use to melt the ore. The largest 
 producers of bituminous coal are Virginia, Pennsylvania and Kentucky. 
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SUBBI TUM INO US :  This kind of coal contains between 35-45% carbon. Its heating value its 
lower than Bituminous coal. Subbituminous coal is at least 100 million years old. Almost 48% of 
 this coals its produce in the US and the leading is Wyoming.
LIGNI TE :  This kind of coal contains between 25%-35% carbon, this especial kind it’s crumbly and 
has high moisture content. Because of its low energy content it’s consider the lowest rank coal. 
Lignite deposits are relatively young, and they are not subject to extreme pressure and heat. There are 
19 lignite mines in the United States, producing about 7% of U.S. coal. Most lignite is mined in 
Texas and North Dakota. Lignite is mainly burned at power plants to generate   electricity.
COAL EXTRACTION  
For the coal extraction miners use giant machines to dig into the ground and proceed to remove 
the coal. They use two main methods: surface mining and underground mining. Surface mines 
are the most commons, almost two-thirds of coal production comes from it, and also most of the 
coal beds are near the ground surface. 
Thanks to improved technology and the growth in surface mining, the amount of coal produced 
has more than tripled since 1978. 
SURF ACE MINING :  It is less expensive than underground mining, and most of the coal 
production in the United States comes from it. Most of the time surface mining its used when the 
coal is less than two hundred feet underground. In surface mining, giant machines remove the 
topsoil and layers of rock known as "overburden" to expose the coal seam. After all the work is 
done, the topsoil is replaced, the rock and dirt are returned to spit and at the end the affected area 
 is replanted. 
UNDERG ROUND MI NIN G :  It’s also called deep mining, most of the time it is used when the coal 
is more than 300 feet below the surface. Sometimes underground mines are 1,000 feet deep. To 
remove coal from this deep mines, miners use elevators to go down deep mine shafts where they 
run machines that dig out the coal. 
COAL PROCESS  
After coal comes out of the ground, it typically goes on a conveyor belt to a preparation plant 
that is located at the mining site. The plant cleans and processes coal to remove other rocks and 
dirt, ash, sulfur, and unwanted materials, increasing the heating value of the coal. 
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COAL TRANSPORTATION  
After all the process of mining the coal is done, it’s ready to be shipped. Most of the coal in the 
United States is shipped by train, almost 71 % of it. Also they use other ways like barge, ship, 
truck, and even pipeline. The cost of shipping coal can cost more than the cost of mining it. 
It is often cheaper to transport coal on river barges, however barges cannot take coal everywhere 
it needs to go. If the coal is to be used near the coal mine, it can be moved by trucks and 
conveyors. Coal can also be crushed, mixed with water, and sent through a pipeline. Sometimes, 
coal-fired electric power plants are built near coal mines to lower transportation costs. 
COAL LOCATIONS IN THE US 
Coal production is the amount of coal that is mined and sent to market. In 2008, the amount of 
coal produced at U.S. coal mines was 1,171.8 million short tons. Coal is mined in 26 States. 
Wyoming mines the most coal, 
followed by West Virginia, 
Kentucky, Pennsylvania, and Texas. 
United States has the largest coal 
reserves in the world, almost ¼ of 
the whole world reserves. Coal is 
mostly found in three large regions, 
Interior Coal Region, Western Coal 
Region (includes the Powder River 
Basin),the Appalachian Coal 
Region, the Interior Coal Region. 
APPALACHIAN COAL REGION  
Appalachian Coal Region it’s the region that most produce coal in the United States, almost 1/3 
of the whole production comes from there. 
West Virginia produces the most amount of coal in the region, and the second largest amount of 
coal in the United States. This region has large underground mines and small surface mines. 
Coal mined in this region is mainly used for metal production, export and steam generation for 
electricity. 
INTERIOR COAL REGION  
The largest coal producer in the Interior Coal Region is Texas, accounting for almost 1/3 of the 
region's total production. 
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WESTERN COAL REGION  
Over half of the coal produced in the United States is produced in the Western Coal Region. 
Wyoming is the largest regional coal producer, as well as the largest coal-producing State in the 
Nation. 
This region has many large surface mines. Some of the largest coal mines in the world are in the 
Western Coal Region. 
 
SUBSTANCE ACUTE CHRONIC COMENT 
SULFUR DIOXIDE 
(SO) 
Lung irritant, triggers 
asthma low birth weight 
in infants 
Reduces lung function, 
associated with 
premature death. 
Also contributes to acid 
rain and poor visibility.  
NITROGEN OXIDES 
(NO) 
Changes lung function 
increases respiratory 
illness  in children 
Increases susceptibility 
to respiratory illnesses 
and causes permanent 
alteration of lung 
Forms ozone smog and 
acid rain. Ozone is 
associated with asthma, 
reduced lung function, 
adverse birth outcomes 
and allergen 
sensitization.  
 
PARTICULATE Asthma attacks, heart 
rate variability, heart 
attacks. 
Cardiovascular disease 
pneumonia, chronic 
obstructive pulmonary 
disease,  
 
 
HYDROGEN 
CHLORIDE 
(HCl) 
Inhalation causes 
coughing,  hoarseness, 
chest pain, and 
inflammation of 
respiratory  tract.  
 
Chronic occupational 
exposure is associated 
with gastritis, chronic 
bronchitis,dermatritis,. 
photo sensitization in 
workers.  
 
 
HYDROGEN 
FLUORIDE 
(HF) 
Inhalation causes severe 
respiratory damage, 
severe irritation and 
pulmonary edema.   
 
Very high exposures 
through drinking water or 
air can cause skeletal 
fluorosis.  
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ARSENIC 
(As) 
Ingestion and inhalation: 
affects the 
gastrointestinal system 
and central nervous 
system. liver cancer.  
Known human 
carcinogen with high 
potency. Inhalation s 
causes lung cancer; 
ingestion causes lung, 
skin, bladder and . The 
kidney is affected 
following chronic 
inhalation and oral 
exposure.  
 
CADMIUM 
(Cd) 
Inhalation exposure  
causes bronchial and 
pulmonary irritation. A 
single acute exposure to 
high levels of cadmium 
organ can result in long-
lasting impairment of 
lung function. 
 
Probable human 
carcinogen of medium 
potency. - kidney is the 
major target in humans 
following chronic 
inhalation and oral 
exposure.  
Other effects noted from 
The chronic inhalation 
exposure are 
bronchiolitis and 
emphysema.  
 
CHROMIUM 
(Cr) 
High exposure to 
chromium VI may result 
in renal toxicity, 
gastrointestinal 
hemorrhage and internal 
hemorrhage.  
Known human 
carcinogen of high 
potency.  
Chronic effects from 
industrial exposures are 
inflammation of the 
respiratory tract, effects 
on the kidneys, liver,and 
gastrointestinal tract.  
 
MERCURY 
(Hg) 
Inhalation exposure to 
elemental mercury 
results in central . 
nervous system effects 
and effects on 
gastrointestinal tract and 
respiratory system.  
Methyl mercury 
ingestion causes 
developmental effects. 
Infants born to women 
who ingested 
methylmercury may  
perform poorly on 
neurobehavorial tests.  
 
The major effect from 
chronic exposure to 
inorganic mercury is 
kidney damage. effects 
on  
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USE OF COAL  
Roughly 93% of coal use in the United States is used for generating electricity.  The rest of the 
coal is mainly used as a basic energy source in many industries including steel, cement, and 
paper manufacturing.  The major uses of coal include the following: 
Electric Power: Coal is used to produce roughly half of all the electricity generated in the United 
States.  Power plants burn coal to turn water into steam. The steam turns steam turbines 
(machines for generating rotary mechanical power) that generate electricity. Some companies 
also burn coal to produce their own energy on site. 
INDUSTRY  
A variety of industries use coal. They utilize both the heat and by-products of burning coal. 
Separated ingredients of coal (such as methanol and ethylene) are used in making plastics, tar, 
synthetic fibers, fertilizers, and medicines. 
Coal is also used to make steel. Coal is baked in hot furnaces to make coke, which is used to 
smelt iron ore into iron needed for making steel. It is the very high temperatures created from the 
use of coke that gives steel the strength and flexibility for things like bridges, buildings, and 
automobiles.The concrete and paper industries also use large amounts of coal. 
ENVIRONMENTAL EFFECTS  
Environmental laws and modern technologies have greatly reduced the impact on the 
environment from the production and consumption of coal. 
EFFECTS ON WATER  
Floods have the potential to cause severe damage to improperly constructed or local coal haul 
roads, housing, coal crushing and washing plant facilities, waste and coal storage piles, settling 
basin dams, surface water diversion structures, and the mine itself. Besides the danger to life and 
property, large amounts of sediment and poor quality water may have detrimental effects many 
miles downstream from a mine site after a flood. 
Ground water supplies can be affected by surface mining as well. These impacts include 
drainage of usable water from shallow aquifers; lowering of water levels in adjacent areas and 
changes in flow directions within aquifers; contamination of usable aquifers below mining 
operations due to infiltration or percolation of poor quality mine water; and increased infiltration 
of precipitation on spoil piles. Where coal or carbonaceous shales are present, increased 
infiltration may result in increased runoff of poor quality water and erosion from spoil piles; 
recharge of poor quality water to shallow groundwater aquifers; or poor quality water flow to 
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nearby streams. This may contaminate both ground water and nearby streams for long periods. 
Lakes formed in abandoned surface mining operations are more likely to be acid if there is coal 
or carbonaceous shale present in spoil piles, especially if these materials are near the surface and 
 contain pyrites.
Sulphuric acid is formed when minerals containing sulphide are oxidized through air contact, 
which could lead to acid rain. Leftover chemicals deposits from explosives are usually toxic and 
increase the salt quantity of mine water and even contaminating it 
EFFECTS ON WILDLIFE  
Surface mining of coal causes both direct and indirect damage to wildlife. The impact on wildlife 
is caused from disturbing the land of these animals’ habitats. Some impacts are short-term and 
confined to the mining sites; others may have far reaching, long term effects. The most direct 
effect on wildlife is destruction or displacement of species in areas of excavation. Mobile 
wildlife species like game animals, birds, and predators leave these areas. More sedentary 
animals like invertebrates, many reptiles, burrowing rodents and small mammals may be directly 
destroyed. 
If streams, lakes, ponds or marshes are filled or drained, fish, aquatic invertebrates, and 
amphibians are destroyed. Food supplies for predators are reduced by destruction of these land 
and water species. Animal populations displaced or destroyed can eventually be replaced from 
populations in surrounding ranges, provided the habitat is eventually restored. An unavoidable 
danger of this could be the extinction of a resident endangered species. 
Many wildlife species are highly dependent on vegetation growing in natural drainages. This 
vegetation provides essential food, nesting sites and cover for escape from predators. Any 
activity that destroys this vegetation near ponds, reservoirs, marshes, and wetlands reduces the 
quality and quantity of habitat essential for waterfowl, shore birds, and many terrestrial species. 
The commonly used head of hollow fill method for disposing of excess overburden is of 
particular significance to wildlife habitat in some locations. Narrow, steep sided, V shaped 
hollows near ridge tops are frequently inhabited by rare or endangered animal and plant species. 
Extensive placement of spoil in these narrow valleys eliminates important habitat for a wide 
variety of species, some of which may be rendered extinct. 
 Long lasting impacts on wildlife are caused by habitat impairment. The habitats  of many animal 
species doesn’t permit them to adjust to changes created by land disturbances. These changes 
reduce living space. The degree to which a species or an individual animal tolerates human 
competition for space varies. Some species tolerate very little disturbance. In instances where a 
particularly critical habitat is restricted, such as a lake, pond, or primary breeding area, a species 
could be eliminated. The wide range of damage that could be done is severe. 
Large mammals and other animals displaced from their home ranges may be forced to use 
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adjacent areas already heavily populated by other wildlife. This overcrowding usually results in 
degradation of remaining habitat, lowered habitat capacity, reduced reproductive success, 
increased interspecies and intraspecies competition, and potentially greater losses to wildlife 
populations than the number of originally displaced animals. 
Degradation of aquatic habitats has often been a major impact from surface mining and may be 
apparent to some degree many miles from a mining site. Sediment contamination of surface 
water is common with surface mining. Sediment yields may increase 1000 times over their 
former level as a direct result of strip mining. In some circumstances, especially those involving 
disturbance of unconsolidated soils, approximately one acre foot of sediment may be produced 
annually for every 80 acres (320,000 m
2
) of disturbed land.  
In some situations, surface mining may have beneficial impacts on some wildlife. Where large, 
continuous tracts of forest, bush land, sagebrush, or grasslands are broken up during mining, 
increased edges and openings are created. Preferred food and cover plants can be established in 
these openings to benefit a wide variety of wildlife. Under certain conditions, creation of small 
lakes in the mined area may also be beneficial. These lakes and ponds may become important 
water sources for a variety of wildlife inhabiting adjacent areas. Many lakes formed in mine pits 
are initially of poor quality as aquatic habitat after mining, due to lack of structure, aquatic 
vegetation, and food species. They may require habitat enhancement and management to be of 
significant wildlife value. 
COAL COMBUSTION AND GAS EMISSIONS:   
The combustion of coal produces several types of emissions that adversely affect the 
environment. The five principal emissions associated with coal consumption in the energy sector 
are: 
Sulfur dioxide (SO2) has been linked to acid rain and increased incidence of respiratory 
illnesses 
Nitrogen oxides (NOx) is a known cause of the formation of acid rain and photochemical smog 
Particulates have been linked to the formation of acid rain and increased incidence of 
respiratory illnesses 
Carbon dioxide (CO2) is the primary greenhouse gas emission from energy use. 
Mercury  has been linked with both neurological and developmental damage in humans and 
other animals. Mercury concentrations in the air usually are low and of little direct concern. 
However, when mercury enters water — either directly or through deposition from the air — 
biological processes transform it into methylmercury, a highly toxic chemical that accumulates 
in fish and the animals (including humans) that eat fish. 
 
68 | P a g e  
 
CLEAN COAL TECHNOLOGIES :   
The Clean Air Act and the Clean Water Act require industries to reduce pollutants released into 
the air and the water.Industry has found several ways to reduce sulfur, nitrogen oxides (NOx), 
and other impurities from coal. They have found more effective ways of cleaning coal after it is 
mined, and coal consumers have shifted towards greater use of low sulfur coal. 
Power plants use flue gas desulfurization equipment, also known as "scrubbers," to clean sulfur 
from the smoke before it leaves their smokestacks. In addition, industry and government have 
cooperated to develop technologies that can remove impurities from coal or that make coal more 
energy-efficient so less needs to be burned. 
Equipment intended mainly to reduce SO2 (such as scrubbers), NOx (such as catalytic 
converters), and particulate matter (such as electrostatic precipitators and baghouses) is also able 
to reduce mercury emissions from some types of coal. Scientists are also working on new ways 
to reduce mercury emissions from coal-burning power plants. 
Research is underway to address emissions of carbon dioxide from coal combustion. Carbon 
capture separates CO2 from emissions sources and recovers it in a concentrated stream. The CO2 
can then be sequestered, which puts CO2 into storage, possibly underground, in such a way that 
it will remain there permanently.Reuse and recycling can also diminish coal’s environmental 
impact. Land that was previously used for coal mining can be reclaimed for uses like airports, 
landfills, and golf courses. Waste products can also be captured by scrubbers to produce 
synthetic gypsum for wallboard. 
CLEAN WAYS TO BURN COAL  
 
COAL GASI FI CATION : Coal gasification is used to produce a mixture of carbon monoxide and 
hydrogen gas called syngas. This can be converted to transportation fuel like gasoline or the 
hydrogen can be used for energy generation. In coal gasification, the coal is mixed with water 
vapor and oxygen and is also heated and pressurized. The reaction causes the coal to oxidize 
releasing carbon monoxide and hydrogen. This is definitely a very promising process that could 
have a future in the coal industry. Hydrogen is a very potent energy source, and syngas could be 
a good replacement for oil based gasoline for cars. 
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COAL L IQUEFACTION :  Coal can be liquefied in a few manners, including hydrogenation and 
carbonization. The hydrogen process is called the Bergius process. An alternative to these two 
methods is the Fischer-Tropsch process, which starts with coal gasification and then liquefaction. 
One of the main issues with this process is that it generates a lot of carbon dioxide which if not 
properly capture and stored will leave a larger carbon footprint than refining oil for 
transportation purposes would. 
OSCAR:  Stands for Ohio State Carbonation Ash Reactivation. It uses FGD(flue gas 
desulfurization) process with sorbent utilization. It uses this sorbent material for SO2 capture.   
SO2+CaCO3+1/2H2OCaSO3·1/2H2O+CO2 (1) 
SO2+CaCO3+2H2O+1/2O2CaSO4·2H2O+CO2 (2) 
These formulas are the basic chemical reaction of the flue gas desulfurization process. It is a very 
complex gas-liquid-solid equilibrium that involves dissolution of lime stone and SO2 in water. 
CARBONOX :  This process is currently being demonstrated at the University of North Dakota’s 
research center. Carbon in the form of coal char is basically used as a reducing agent for Nitrous 
Oxide. The reaction temperature range is between 300 and 700 degrees Celsius.      
C+2NO N2+CO2 
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MET HANATION :  This is a coal gasification process that converts the coal into a gas that is 
roughly 98% methane gas. It can be transported using the already in place natural gas 
infrastructure pipelines and has great potential to supplement or replace natural gas use. 
CONCLUSIONS  
If is true that the coal is one of the most important source of energy in the US, is also true that is 
the most pollutant source of energy in the US. America’s energy comes almost 60% from coal, 
what it means that the coal is very important for the country development. In order to America 
continue using this power full source of energy they should take some preventions and some 
solutions of the critical problems that this sources its bringing to the Nation and to the world.  
POLLUTION PROBLEM  
Coal its one of the most polluting energy source that affects the environment. During the coal 
process there are many gases that comes out of the process and go directly to the environment 
affecting the ozone layer and the human health. Some of these gases are the water vapor, carbon 
dioxide, methane, nitrous oxide, etc. In the process of extraction of coal there are also a lot of 
polluting factor and environmental damage. When they do the underground extraction they 
destroy most of the topsoil, they probably kill some animals that are under that topsoil, etc. Also 
in the surface mining when they extract the coal they use some liquids that are mix with water to 
clean the coal, that water mix waste goes under the ground affecting the sub soil and in some 
cases that water goes all the way to rivers and some times the sea. Some of does wastes are mix 
with mercury, chromium, etc. that are dangerous for the human and the wildlife.  
HEALTH PROBLEM  
Coal it’s a very problematic source when you talk about health. The none supervise extraction 
and production of coal can be a very big issue for the humanity in terms of Health. In the coal 
extraction process there are many products that affect the human life, one of the most important 
is the mercury that goes underground and ends in the water and affects the sea life, and at the 
same time the people that consumes those sea animals will be affected with serious health 
problems. Another very important health issue it’s all the gases that comes out from the coal 
process affecting the people that lives around the factories and all the people in general. These 
gases produce long problems, long cancer, and very serious respiratory problems. Also the 
underground mining affects more the health of the workers because there are all day working 
undergrounds and most of what they breath its polluted air.  
ENVIRONMENTAL PROBLEM  
During the coal extraction and process as I said before there are many environmental issues. 
During the coal extraction there destroy the topsoil, pollute the wild life; they pollute the sub 
waters etc. During the coal process the main environmental problem it’s the emission of gases 
that cause problems in the environment.  
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Coal is the biggest source of energy in America, it’s the easiest sources to use because they have 
one of the biggest reserves of the world, its very cheap, but its not environment friendly and it 
cause a lot of pollution. The only way that America could use this source in a long term its 
solving this problem and reducing the pollution to almost none.   
SOLUTIONS  
If you significantly decrease the emission amount of greenhouse gases that comes from the coal 
process you will decrease the pollution problem and also most of the health problems that comes 
with that. 
 - They should create coal free factories that reduce the amount of gases. They could store the 
gases and use them for other purpose. 
 - Create filter to clean the air that comes from the process. 
 - Create scrubbers to clean the air. 
 - The government should create a incentive for does industries that use this new technologies like 
tax reduction, benefits, long term credits, etc. 
 - The government should invert more in research for new less expensive technologies. 
 - The government should incentive the companies to reduce the amount of gases. 
 - Create a surveillance group assigned by the government to check, control the coal process and 
the extraction process. 
 - The government should create a law that punishes the companies that destroy the topsoil during 
the extraction process. 
 - The creation of water filters to prevent the wastewater to go under the ground. 
 - Create processing plants to the water waste and use them again.  
 - The use of special mask inside the coal plants. 
 - The coal companies that emit more gases should pay a annual fee and they should plant a big 
amount of trees to replace the damage. 
 
If you find the way to solve the pollution problem from the coal plants and create a cheap and 
sustainable way to process a clean coal factory, with almost 0 of greenhouse gases, I think that 
coal could be the energy source solution for the future, because America has a huge reserve that 
will be more than enough for 150 years, it is one of the cheapest source of energy, and if you find 
a way for coal to be clean it would be a very efficient source. 
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OIL 
Petroleum, also known, as crude oil is a naturally formed flammable liquid with a big content of 
hydrocarbons and other compounds in different states geologically formed under the earth 
surface.  
Since 1950 it has become the most important source of energy in the world, is the main 
transportation fuel in the whole world and its composition has made it very useful for various 
other products such as pharmaceuticals, solvents, pesticides shampoos and plastics. 
FORMATION  
Petroleum, also known, as crude oil is a naturally formed flammable liquid with a big content of 
hydrocarbons and other compounds in different states geologically formed under the earth 
surface.  
Since 1950 it has become the most important source of energy in the world, is the main 
transportation fuel in the whole world and its composition has made it very useful for various 
other products such as pharmaceuticals, solvents, pesticides shampoos and plastics. 
 
COMPOSITION  
[3] 
 
 
 
 
 
Element Percent Range 
Carbon…C 83 to 87% 
Hydrogen…H 10 to 14% 
Nitrogen…N 0.1 to 2 % 
Oxygen…O2 0.1 to 1.5% 
Sulfur…S 0.5 to 6 % 
Metals... Li, Na, k, Ag, Ca, Mg, Bn, Zn, Pb < 0.1% 
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For oil to be formed it is necessary to have a huge deposit of organic matter which is very rich in 
carbon and hydrogen, this organic substances materials should be 
buried so they lose contact with air. 
 As burial continues, the organic matter begins to change. 
Pressures increase with the weight of the overlying sediments, as 
deeper it gets into the earth, the temperature increases, and slowly 
after some time some chemical reactions take place.  This reactions 
brake down the large and complex organic molecules into simpler, 
smaller hydrocarbon molecules. 
In the first stage of petroleum formation, the deposits may consist only 
in large hydrocarbons, which will have a similar consistency to 
asphalt, as the petroleum mature, hydrocarbons divide more and 
lighter hydrocarbons are formed.  
WHERE TO FIND IT? 
Once the solid organic matter is transformed to liquids and gases, the 
hydrocarbons need to migrate and get out of the source rocks in which 
they were formed this way they will form a commercial deposit. The 
majority of petroleum source rocks are fine-grained sedimentary 
rocks, from which it would be difficult to extract large quantities of oil 
or gas quickly.  
Oil and gas are able to migrate out of their source rocks into more permeable ones over a long-
term period. Most people have the incorrect believe that there are underground ―lakes‖ of oil. 
The oil industry has helped clarify this misconception by talking about oil pools. The truth is that 
virtually all the oil is contained in tiny holes in solid rock. These holes, or pores, are filled with 
water, gas, or oil. But if the holes are not connected, then oil wont be able to get out of the rock.  
So, in addition to high porosity, which allows the rock to a big amount of oil, the rock must have 
good permeability, which allows oil to flow quickly out of the rock. Rocks with good porosity 
and permeability are called reservoir rock. Most oils and all natural gases are less dense than 
water, so they tend to rise as well as to migrate laterally through the water-filled pores of 
permeable rocks. [1] 
If cap rocks do not seal them, oil and gas may keep rising right up to the earth’s surface. These 
substances escape into the air, the sea, or they flow out onto the ground at oil and gas leaks. 
These natural leaks, which are one of nature’s own pollution sources, are not very efficient 
sources of hydrocarbons for fuel compared with present day extraction methods.[1] 
s Commercially, the most valuable deposits are those in which a big amount of oil or gas i
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concentrated and confined) by geologic traps. If the reservoir rocks are not naturally permeable, 
it might be possible that fracture will be needed them artificially with explosives or with water or 
gas under high pressure to increase the rate at which oil or gas flows through them.[1] 
CHEMISTRY OF PETROLEUM .  
The alkenes, are saturated hydrocarbons with straight or branched chains, which contain 
only carbon and hydrogen and their general formula is CnH2n+2. Normally with 5 to 40 atoms per 
molecule, although trace amounts of shorter or longer molecules may be present in the 
mixture.[2] 
Depending on the amount of carbons, hydrocarbons will have different uses. The alkanes 
from pentane (C5H12) to octane (C8H18) are refined into gasoline (petroleum), the ones from 
nonane (C9H20) to hexadecane (C16H34) into diesel fuel and kerosene (primary component of 
many types of jet fuel), and the ones from hexadecane upwards into fuel oil and lubricating oil. 
At the heavier end of the range, paraffin wax is an alkane with approximately 25 carbon atoms, 
while asphalt has 35 and up, although these are usually cracked by modern refineries, using a 
high temperature distillation process into more valuable products. The shortest molecules, those 
with four or fewer carbon atoms, are in a gaseous state at room temperature. They are the 
petroleum gases. Depending on demand and the cost of recovery, these gases are either flared 
off, sold as liquefied petroleum gas under pressure, or used to power the refinery's own burners. 
During the winter, Butane (C4H10), is blended into the gasoline pool at high rates, because 
butane's high vapor pressure assists with cold starts. Liquefied under pressure slightly above 
atmospheric, it is best known for powering lighters, but it is also a main fuel source for many 
developing countries. Propane can be liquefied under low pressure, and is consumed for just 
about every application relying on petroleum for energy, from cooking to heating to 
transportation. 
The cycloalkanes, also known as naphthenes, are saturated hydrocarbons which have one or 
more carbon rings to which hydrogen atoms are attached according to the formula CnH2n. 
Cycloalkanes have similar properties to alkanes but have higher boiling points.  
MANUFACTURING PROCESS .  
 1. The first step in the manufacturing process is to find the principle raw material, crude oil, usually 
trapped in areas of porous rocks. Possible areas in which oil is found may be determinate by 
exanimate the rocks of the area, usually there are some types of rocks that are common in oil 
extraction zones.  
It is also very useful to use sound waves and analyzing how this sound 
waves bounce is possible to locate the oil. 
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 2. After a possible reservoir is found, a test drill most be done to the area. Core samples must be 
taken from the testing area to confirm rock formation, and samples must be chemically analyzed 
in order to determinate if more drilling is needed. 
 3. Now the drilling process begins. Crude oil is recovered using wells that can reach over 1,000 feet 
inside the rock. The holes are made by rotary drillers, which use a bit to bore a hole in the ground 
while water is added. The water and soil create a thick mud that helps hold back the oil and 
prevent it from "gushing" due to the internal pressure contained in the reservoir rock. When the 
reservoir is reached, the mud continues to hold back the oil while the drill is removed and a pipe 
is inserted.[3] 
 
 4. To recover the oil, a complicated system of pipes most be installed directly into the drilling well. 
The oil goes out of the weal by natural pressure and goes inside the pipe. These are connected to 
a recovery system, which consists of a series of larger pipes that take the crude oil to the refinery 
via a separator that will make liquid and gas to split. This method allows the oil to be recovered 
with a minimum of waste.[3] 
 
 5. The natural pressure of the well is 
expended, though huge amounts of oil 
may still remain storage in the rock. 
Secondary recovery methods most be 
used to get a greater percentage of the 
oil. The pressure will be restored by 
injecting gas into the pocket above the 
oil or by flooding water into the well, 
which is a far more commonly used 
method. Four holes will need to be 
drilled around the perimeter of the well 
and water will be added. The crude oil 
will float on the water and come to the 
surface.[3] 
 
 6. None processed petroleum or crude oil 
is not an efficient fuel, since it is not 
fluid and requires a very high 
temperature to burn. The long chains of 
molecules must be separated from the 
smaller chains of refined fuels, 
including gasoline, in a petroleum refinery. This process is called fractional distillation. A 
fractional distillation tower is a huge unit that may hold up to 200,000 barrels of crude oil. 
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Petroleum is first pumped into a furnace and heated to over 600°F, causing all except the largest 
molecules to evaporate. The vapors rise into the fractionating column, which may be as tall as 
150 feet. The vapors temperature will decrease while they rise through the column. Since the 
boiling points of all the compounds are different, larger and heavier molecules will condense 
first and lower in the tower and the shorter and lighter molecules will condense higher in the 
tower. Natural gases, gasoline, and kerosene are released near the top. Heavier compounds used 
in the manufacture of plastics and lubricants are removed lower in the tower.  Fractional 
distillation itself does not produce gasoline; it just removes the gasoline from other compounds 
in crude oil. Further refining processes must be done now to improve the efficiently of the fuel. 
[3] 
WHERE TO FIND IT? 
Once the solid organic matter is converted to liquids and gases, the hydrocarbons need to travel 
out of the source rocks in which they where formed in order to create a commercial deposit. The 
majority of crude oil source rocks are fine-grained sedimentary rocks, from which it would be 
very hard to extract big amounts of oil or gas quickly.  
Oil and gas are able to escape out of their source rocks into more permeable ones over the long 
spans of geologic time. A lot of people have the incorrect believe that there are oil lakes under 
the ground. The oil industry has helped feed this misconception by talking about oil ―pools.‖ The 
truth is that in a real life case, all the oil is contained in tiny holes in solid rock. These holes, or 
pores, are filled with water, gas, or oil. But if the holes are not attached, then oil won’t be able to 
get out of the rock.  So, in addition to high porosity, which allows the rock to a big amount of oil, 
the rock must have good permeability, which allows oil to flow faster out of the rock. Rocks with 
good porosity and permeability are called reservoir rock. Most oils and all natural gases are 
lighter than water, so they tend to rise as well as to migrate laterally through the water-filled 
pores of permeable rocks. [1] 
If cap rocks do not cover it, oil may keep rising right up to the earth’s surface. These substances 
escape into the air, the sea, or they flow out onto the ground at oil and gas seeps. These natural 
seeps, which are one of nature’s own pollution sources, are not very efficient sources of 
hydrocarbons for fuel compared with present day extraction methods. [1] 
Commercially, the most valuable deposits are those in which a large quantity of oil and gas is 
concentrated and confined by geologic traps. If the reservoir rocks are not naturally permeable 
enough, it might be possible that fracture will be required  (crack open) them artificially with 
explosives or with water or gas under high pressure to increase the rate at which oil or gas flows 
through them.[1] 
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CHEMICAL PROCESS  
The alkenes, or compactly named as paraffin’s, are saturated hydrocarbons with two 
types of chains, straight or branched chains, which contain only carbon and hydrogen and their 
general formula is CnH2n+2. W with 5 to 40 atoms per molecle, although trace amounts of shorter 
or longer molecules may be present in the mixture.[2] 
Depending on the quantity of carbons, hydrocarbosn will have differents uses. The alkanes from 
pentane (C5H12) to octane (C8H18) are refined into gasoline (petroleum), the ones from nonane 
(C9H20) to hexadecane (C16H34) into diesel fuel and kerosene, and the ones from hexadecane 
upwards into fuel oil and lubricating oil. At the heavier end of the range, paraffin wax is an 
alkane with approximately 25 carbon atoms, while asphalt has 35 and up, although these are 
usually cracked by modern refineries, using a high temperature distillation process into more 
valuable products. The shortest molecules, those with four or fewer carbon atoms, are in a 
gaseous state at room temperature. They are the petroleum gases. Depending on demand and the 
cost of recovery, these gases are either flared off, sold as liquefied petroleum gas under pressure, 
or used to power the refinery's own burners. During the winter, Butane (C4H10), is blended into 
the gasoline pool at high rates, because butane's high vapor pressure assists with cold starts. 
Liquefied under pressure slightly above atmospheric, it is best known for powering cigarette 
lighters, but it is also a main fuel source for many developing countries. Propane can be liquefied 
under modest pressure, and is consumed for just about every application relying on petroleum for 
energy, from cooking to heating to transportation. 
The cycloalkanes, also known as naphthenes, are saturated hydrocarbons which have one or 
more carbon rings to which hydrogen atoms are attached according to the formula CnH2n. 
Cycloalkanes have similar properties to alkanes but have higher boiling points. [2] 
COMBUSTION  
Combustion is the process in which fuels are burned to produce energy or heat and other 
products. 
Some typical combustion equation for gasoline will be: 
 
CH4 + 2O2 → CO2 + 2H2O + energy 
2CH4 + xO2 + N2 → CO2 + 4H2O + CO + 2NOx + heat 
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OIL CLASSIFICATIONS  
 
The petroleum industry classifies crude oil by the geographic location it could be west 
Texas intermediate, Brent or Oman. Also it can be classified by its gravity, it might be light if it 
has low density and heavy if it has high density. 
Light oil is more convenient to be process and converted into gasoline because it has lighter 
hydrocarbons with less carbon atoms and the process is more economical and faster than that 
used to process heavy oil.  
By the other hand heavy oil is cheaper than light oil and is better to be used to make asphalt, 
plastic and some other material that derivate from the petroleum industry, it has usually much 
heavier hydrocarbons. 
UNCONVENTIONAL OIL  
    HEAVY OIL  
Heavy oil is characterized by its high viscosity and density when compared to 
conventional oil. Heavy oil was originally conventional oil that migrated from the deep 
reservoirs towards the surface where it was degraded by bacteria and weathered. The bacteria fed 
on the migrated conventional oil removing hydrogen and producing the viscous heavy oil. The 
remaining lighter hydrocarbons escaped from the shallow, uncapped formation. Heavy oil 
usually has a viscosity between 100 cp and 10,000 cp. Oil sands, another type of heavy oil which 
contains bitumen oil, has an extremely high viscosity between 10,000 cp and as much as 
10,000,000 cp. Bitumen’s high viscosity prohibits it from being pumped from the ground in its 
natural state. Oil sands are, therefore, usually open pit mined while the rest of heavy oil can 
generally be pumped in its natural state. If the depth of the oil sands is too deep for surface 
mining or if the heavy oil does not flow at an economical rate, in-situ recovery methods are 
implemented. These methods include steam injection, solvent injection, and in-situ combustion.  
After the heavy oils are extracted, the clay, sand, and minerals are separated from the 
viscous oil through a hot water process in an extraction plant. The heavy oil is then upgraded into 
a synthetic crude oil. This is done either by coking (removing carbon) or hydrocracking (adding 
hydrogen). Hydrotreating is another process in upgrading used to remove the sulphur and 
nitrogen impurities. After the heavy oil is upgraded, it is then refined
14
. 
There is a total of 6 trillion barrels of heavy oil resources in the world
16
. The United 
States is estimated to have over 100 billion barrels of heavy oil
15
. Heavy oil has not been 
currently seeing significant production, but its resources will eventually be exploited in the near 
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future. Nations such as Canada have taken advantage of its large heavy oil deposits amounting to 
2.5 trillion barrels and are producing nearly half of their domestic oil from oil sands
16
. 
 
    OIL SHALE  
Oil shale is another type of unconventional oil. Oil shale contains a mineral called 
kerogen that can be separated from the rock through a chemical process called pyrolysis. The 
formation of oil shale is very similar to conventional oil except that it was under less heat and 
pressure in its creation. In order to extract and convert oil shale into synthetic oil, it must first be 
mined through either underground mining or open pit mining. After mining, the rock is heated at 
a very high temperature in a process called retorting which separates the kerogen from the rest of 
the shale. The kerogen is then upgraded and refined into synthetic oil.  
There is currently another method to extract and separate the oil under development 
called the in-situ conversion process (ICP). ICP retorts the oil shale underground by placing 
electric heaters in deep vertical holes which are drilled through the formation. The oil shale is 
then heated for to two to three years until temperatures have reached about 700ºF. When the oil 
shale is finally retorted it is then gathered in collection wells. Throughout the entire in-situ 
retorting process, freeze walls are used around the perimeter of the target formation. The freeze 
walls are created by pumping refrigerated fluid in a series of wells surrounding the retorting 
zone. The walls prevent groundwater from entering and the hydrocarbons from leaving the 
extraction zone. ICP has not been introduced into the commercial level; however it will be a very 
promising technique to extract the shale oil in the future
12
. 
There is an estimated 2.8 trillion barrels of oil shale in the world. The United States has 
the most oil shales resources at 2 trillion barrels
13
. The mass extraction of oil shale has not been 
used commercially because of the energy intensiveness of the mining and in-situ recovery 
methods when compared to conventional oil. However, as the amount of conventional oil 
decreases and as the prices of oil increase, oil shale production will become more economical 
and have a key role in supplying oil. 
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CONSUMPTION  
 Nearly ten years ago, oil was the United States largest energy resource contributing to 40 
percent of the nation’s energy needs. The US consumed the most oil in the world with a daily 
average of 19.7 million barrels. Transportation accounted for two thirds of the country’s usage. 
The NEPD group predicted that the nation’s oil would increase by 32 percent to 25.8 million 
barrels per day over the next 20 years
1
. 
However, consumption reached its peak in 
2005 at 20.8 million bpd. Since 2005, the 
country’s oil consumption has been steadily 
declining to the present daily average of 18.82 
million bpd
3
. The United States still uses the 
most oil out of any nation, consuming 22 
percent of the total world consumption
4
. The 
National Energy Policy seems to be incorrect 
so far in their prediction. The United States oil 
consumption however, is still projected to 
increase despite the recent decline. According to the Energy Information Administration (EIA) 
annual energy outlook report, by 2025 the total petroleum consumed will amount to 20.63 
million bpd. The EIA also predicted that by 2035 the United States daily consumption would be 
only 21.81 million bpd which does not surmount to the 25.8 million bpd projected by the NEPD 
group for 2020
1,2
. 
PRODUCTION  
 In 2001, the United States was and currently is the third-largest oil producing nation in 
the world
5
. Despite being the third-largest, the nation reached its peak of crude oil production 
during 1970 at 9.6 million bpd. The production of oil has been decreasing ever since then
6
. The 
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NEPD group in 2001 estimated that the US crude oil production was currently 5.8 million bpd. 
The group predicted that by 2020 the US oil production would decline to 5.1 million bpd
1
. The 
country’s current crude oil production averages 5.4 million barrels per day6. The National 
Energy Policy’s prediction seems very plausible. The EIA, however, predicted that by 2020 the 
domestic crude oil production would increase to 6.13 million bpd
2. The NEPD group’s 
projection seems to be a more accurate assessment of the nation’s future oil production, 
especially after the oil spill disaster in the Gulf of Mexico.  
 
MAJOR DOMESTIC RESERVES  
GULF OF MEXICO  
The NEPD group also predicted that the Gulf of Mexico would play an increasingly 
important role in future domestic production. The group predicted that by 2010 the Gulf of 
Mexico would account for 40 percent of the total production
1
. The Gulf of Mexico currently is 
responsible for 30 percent of domestic production, which is only a 3 percent increase from 2001. 
In 2008, the Gulf of Mexico had an estimated amount of 3.6 billion barrels of known reserves 
contributing to 19 percent of the total US proven reserves
7
. However, with the current oil spill 
disaster, the Gulf of Mexico’s contribution to domestic oil production can be expected to 
diminish.  
ALASKA  
 Other than the Gulf of Mexico, the US extracts a large portion of its crude oil from 
Alaska. Alaska currently produces 0.65 million bpd of crude oil
8. Alaska’s oil production 
reached its peak in 1988 at 2 million bpd
9. Even though Alaska’s crude oil production has been 
steadily decreasing throughout the years, it still has the potential to produce the most oil in the 
United States. There are many reserves in Alaska which have not been used. The areas that have 
potential crude oil development are the National Petroleum Reserve-Alaska with 2.1 billion 
84 | P a g e  
 
barrels, the Arctic Outer Continental Shelf with 22.5 billion barrels, and the Arctic National 
Wildlife Refuge with 10.4 billion barrels totaling 35 billion barrels. The estimated potential oil 
from Alaskan reserves nearly doubles the total proven United States reserves. These reserves 
have not been used due to laws and moratoriums which have made drilling illegal in areas where 
the reserves are located
1
. 
OPEC 
HISTORY  
The organization of Petroleum Exporting Countries also known, as OPEC is an 
intergovernmental Organization created October 14, 1960 and its founder nations where Iraq, 
Iran, Kuwait, Saudi Arabia and Venezuela. Arab Emirates, Nigeria, Algeria, Ecuador, Angola 
and Gabon joined the association latter on. Its headquarters where first located in Geneva, 
Switzerland and then they were moved to Vienna, Austria.  
OPEC  OIL RESERVES  
OPEC is a very important organization in the oil industry because of the huge oil reserves 
owned by its member nations, approximately 1023 billions barrels what represent 79% of the 
proven world oil reserved are in OPEC member countries, and only 21% of the oil reserves are 
owned by Non-OPEC nations. 
OPEC has a lot of power in the oil market and has a lot of influence in the world prices.  
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This Graph shows us how the price of OPEC basket price has increase in the last 14 years.  This 
price has been going up thanks to some policies that OPEC member nations have been taking to 
regulate the price of their products.  
This is a very good thing for oil exporter countries, will bring them more revenue using fewer 
resources and faster, but at the same time is very negative for oil importer nations like the USE 
or the European.  
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According to the world fact book, this was an estimated of the proven oil reserves in the world 
by the year 2009. 
 
 
Proven Oil reserves by Country (2009 in bbl)  
1  Saudi Arabia 266,700,000,000 19.78% 
2  Canada  178,100,000,000 13.21% 
3  Mexico 139,000,000,000 10.29% 
4  Iran  136,200,000,000 10.10% 
5  Iraq 115,000,000,000 8.53% 
6  Kuwait 104,000,000,000 8.71% 
7  Venezuela 99,380,000,000 7.37% 
8  United Arab Emirates 97,800,000,000 7.25% 
9  Russia 79,000,000,000 4.45% 
10  Libya  43,660,000,000 3.24% 
11  Nigeria 36,220,000,000 2.69% 
12  Kazakhstan 30,000,000,000 2.22% 
13  United States 21,320,000,000 1.58% 
14  China 16,000,000,000 1.19% 
15  Qatar 15,210,000,000 1.13% 
16  Brazil 12,620,000,000 0.94% 
17  Algeria 12,200,000,000 0.90% 
18  Angola 9,040,000,000 0.67% 
19  Azerbaijan 7,000,000,000 0.52% 
20  Norway 6,680,000,000 0.50% 
--  European Union 5,718,000,000 0.42% 
21  India 5,625,000,000 0.42% 
22  Oman 5,500,000,000 0.41% 
23  Sudan 5,000,000,000 0.37% 
24  Ecuador 4,660,000,000 0.35% 
25  Malaysia 4,000,000,000 0.30% 
26  Indonesia 3,990,000,000 0.30% 
27  Egypt 3,700,000,000 0.27% 
28  United Kingdom 3,410,000,000 0.25% 
29  Yemen 3,000,000,000 0.22% 
30  Argentina 2,616,000,000 0.19% 
31  Syria 2,500,000,000 0.19% 
32  Gabon 2,000,000,000 0.15% 
33  Republic of the Congo 1,600,000,000 0.12% 
34  Australia 1,500,000,000 0.11% 
35  Chad 1,500,000,000 0.11% 
36  Colombia 1,355,000,000 0.10% 
37  Brunei 1,100,000,000 0.08% 
38  Equatorial Guinea 1,100,000,000 0.08% 
39  Denmark 1,060,000,000 0.08% 
40  Trinidad and Tobago 728,300,000 0.05% 
41  Romania 600,000,000 0.04% 
42  Turkmenistan 600,000,000 0.04% 
43  Vietnam 600,000,000 0.04% 
44  Uzbekistan 594,000,000 0.04% 
45  Timor-Leste 553,800,000 0.04% 
46  Bolivia 465,000,000 0.03% 
47  Thailand 441,000,000 0.03% 
48  Tunisia 425,000,000 0.03% 
49  Peru 415,800,000 0.03% 
50  Italy 406,500,000 0.03% 
51  Ukraine 395,000,000 0.03% 
52  Pakistan 339,200,000 0.03% 
53  Turkey 300,000,000 0.02% 
54  Germany 276,000,000 0.02% 
55  Cameroon 200,000,000 0.01% 
56  Albania 199,100,000 0.01% 
57  Belarus 198,000,000 0.01% 
58 
 Democratic Republic of the 
Congo 180,000,000 0.01% 
59  Chile 150,000,000 0.01% 
60  Spain 150,000,000 0.01% 
61  Philippines 138,500,000 0.01% 
62  Bahrain 124,600,000 0.01% 
63  Cuba (more information) 124,000,000 0.01% 
64  France 103,300,000 0.01% 
65  Côte d'Ivoire 100,000,000 0.01% 
66  Mauritania 100,000,000 0.01% 
67  Netherlands 100,000,000 0.01% 
68  Poland 96,380,000 0.01% 
69  Papua New Guinea 88,000,000 0.01% 
70  Guatemala 83,070,000 0.01% 
71  Suriname 79,600,000 0.01% 
72  Croatia 79,300,000 0.01% 
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The world today has a demand of 85,085,664 bbl/day approximately. The USA is the principal 
consumer with approximately 20,680,000 bbl/day. If we assume this demand remains constant 
during an entire year, we can estimate taking into consideration that one day has 365 days, so by 
multiplying we can determinate that the word will consume 3.1x10^10 bbl a year. 
Assuming that the world will keep the same oil consumption we can estimate by dividing how 
much longer we are going to have oil. 
 
1,348,528,420,000 = 43.42 years 
            3.1x10^6 
 
 
 As shown in the graph bellow, the world population increases every year faster and it is 
expected to keep growing if no control measures are taken, this will make energy consumption to 
increase, and oil reserves could end earlier than the (43 years) previous prediction. 
 
World population predictions (1800-2100) 
 
[Source: world fact book 2009] 
88 | P a g e  
 
PEAK OIL  
 The world, like the United States in 1970, will reach a peak of oil production. Most of the 
crude oil reserves in the world have been found. Extended oil exploration during the last 30 years 
has left only disappointing results. The last super giants were discovered in the Middle East 
during the 1960s
11
. The world oil demand is expected to grow by more than 40 percent by 2025
2
. 
The most optimistic forecasts suggest that oil peaking will occur in less than 25 years
11
. The 
United States will no longer be able to rely on foreign oil after that time and must prepare or 
discover substitutes in order to have economic security. 
 
 
 
 
 
 
 
 
 
Dollars per barrel of crude oil: 
(2007-2035) 
 
[This graph was done with information from: US Energy information administration] 
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Predictions of Average cost (cents/gals) 
(2007-2035) 
 
[This graph was done with information from: US Energy information administration] 
 
We can observe in the two graphs above some projections in oil prices obtained from the US 
energy information administration EIA from 2007 to 2035.  
Oil prices are expected to increase a lot in the next 30 years, we predict that together with this 
increase in price is going to come a decrease in consumption per individual, however because of 
the fast growing population, the demand it still going to keep growing. 
 
 Research should be done in universities looking for new sources of energy, so people could be 
more oil independent. 
 The government should stimulate the market for renewable energy sources. 
 Public transportation should be improved, especially in rural areas of the country, campaign 
 should be done by the state promoting the use of buses trains and subway.
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IMPORTS  
 With the projected rising oil consumption and the diminishing domestic production, the 
United States will have to increasingly rely on imports from foreign countries to fill the gap of its 
energy needs. In 2001, the percentage of net imports was 52 percent. The NEPD group predicted 
that by 2020 the import percentage would be 64
1
. Currently the US imports 57 percent of its 
crude oil
10
. The EIA however predicts that the net import share of petroleum demand will only 
be 55 percent by 2025
2. The NEPD group’s projection seems to be more accurate than the EIA’s 
because the current import percentage already surpasses the EIA’s prediction. 
 The United States will eventually be relying on just foreign oil for its energy demands. 
The US has only a small portion of the proven reserves in the world. According to the National 
Energy Policy, North America only has 5 percent of the proven reserves. The Middle East has 
nearly two-thirds of the world’s known reserves1. Unless the United States finds another source 
of fuel, the US will be importing almost all of its oil from unfriendly nations. Importing crude oil 
will jeopardize the country’s economic and national security. 
 
ENVIRONMENTAL IMPACTS OF PETROLEUM INDUSTRY  
Oil is one of the must helpful things now days to solve many day-to-day problems. It is probably 
indispensable for many things such as airlines, cars, to heat or homes, make some plastics and 
pharmaceuticals. But even thought oil is very helpful in our daily lives, finding, producing, 
transporting and consumption can be a very harm activity four our environment thought air, 
water, soil and sound pollution.  
DRILLING  
Every stage of drilling, from finding oil reserves to its waste disposal, affects the nature and 
environment in a huge way. Due to crude drilling, sea creatures, birds, terrestrial wildlife, people 
that work in the plants, as well as the scenery itself are all affected. There are various stages of 
oil drilling and each stage will affect the environment as following.   
EXPLORATION  
In the sea exploration process, one type of seismic waves is sent into the ground of sea to 
investigate offshore oil reserves. This type of investigation disorients marine life. It has been 
determinate that it can bring a lot of unfavorable consequence, for example it could lead to 
beaching for whales.[26] 
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 There has been a lot of research in new techniques to reduce environmental impact in the 
exploration process. Research has been done trying to find different type of waves that wont 
damage the environment, instead of using seismic waves, magnetic waves have been 
implemented.  
 Radars can detect whales, they are huge animals, and very easy to track with new technologies. 
To prevent them to ear this waves, they should be removed from the area. A possible solution 
might be, to surround a big perimeter with a net that will stop whales and protect them from the 
 sound. 
 
INFRASTRUCTURE  
Very sophisticate infrastructure is needed for crude oil drilling, which includes roads, 
airplane strips, pipelines etc. This type of infrastructure can affect wildlife and also it can down 
plants.  
Drilling if is not done properly can also damage the ground and might cause petroleum to 
expand all over a soil and this will bring very bad consequences for the vegetation planted in that 
area. 
Now days new drilling technologies have arrive to the market, new drilling machines 
have been implemented, this new machines are much smaller and drill more precise, and they 
prevent more spills and damages to the ground. 
 
http://imghost.indiamart.com/data1/J/M/MY-1670159/351k--250x250.jpg 
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 The Government and environmental organizations should incentive universities and research institutions 
to keep looking for new methods and new extraction technologies. 
 Infrastructure is required in the drilling places, but, if roads need to be constructed and pipelines need to 
be placed, the companies should make sure to built causing the least environmental damage as possible. 
 Every extraction plant constructed should be observed by governmental officials to make sure that it 
didn’t cause an irreversible environmental consequence. 
 Governments should incentive oil extracting companies like Shell, BP or Chevron to use and look for new 
techniques by reducing their taxation.  
 The government must apply fines if needed to those companies that cause irreversible environmental 
 deteriorations.  
RISK OF SPILLS  
It is very difficult to clean up oil, which is spilled. Spills are very common; between 300 
and 500 yearly, on many different scales. On water, spills are very serious because oil spreads 
quickly and creates a layer. The oil slicks are fatal to birds, marine life and other animals. 
Most oil spills usually occur in seawater, just because sea is the most common way of 
transporting oil 75% of our planet is cover with water. Most of the spills are cause usually by 
problems with tanker ships that take the oil from one country to another. Some of these tankers 
have been in the sea for long time and they have a lot of rust and haven’t been inspected in long 
time. Some other spills may occur by deteriorated or rusted pipes, especially those that are under 
water, and some other spills can be causes by technical mistakes like the one that just occurred in 
the Gulf of Mexico for the explosion of a drilling well.  
 Tankers should be inspected at least ones a month to make sure they are in good conditions to 
travel with oil. 
 Some regulations should be put to those tankers that don’t satisfy some safety measures. 
 New ships should be build with double layer in the oil containers to prevent the to break, also 
new antirust materials should be used. 
 Engineering safety standards should be used when building new refineries. 
 Pipes should be checked constantly by companies to make sure that they are in good conditions 
and should be replaced if they need too. 
 Governments should apply sanctions like fines to those companies that cause environmental 
damages. 
 The government should incentive environmentally friendly companies by tax reduction for 
example. 
 The government should use part of the tax money obtained from oil companies and invest it in 
 research for new cleaning methods.
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WASTE WATER  
As a consequence of oil drilling, water is produced this contains polycyclic aromatic 
hydrocarbons in high concentrations. These compounds are lethal to sea creatures, also for 
vegetation and in low concentrations it cause birth defects or impaired growth. 
 The extracting companies should be responsible to make sure that this waste water don’t gets in 
contact with seawater. This water should be processed and distillated so it could have other 
uses.  
 Create a device that generates waves that will keep birds away from extraction areas, specially 
in the sea. 
  Research about new methods must be done.
 
CARS ,  TRUCKS ,  &  AIR POLLUTION  
Transportation is the largest single source of air pollution in the United States. It causes over half 
of the carbon monoxide, over a third of the nitrogen oxides, and almost a quarter of the 
hydrocarbons in our atmosphere in 2006. With the number of vehicles on the road and the 
number of vehicle miles traveled escalating rapidly, we are on the fast lane to smoggy skies and 
dirty air. 
 New technologies have been implemented in the automobile industry, such as natural gas cars 
and hybrid cars, which are proven to pollute less. 
  Make sure to plant trees will help the air to be cleaner.
 
THE INGREDIENTS OF AIR POLLUTION  
Air pollution is associated with the full life-cycle of cars and trucks. This includes air pollution 
emitted during vehicle operation, refueling, manufacturing, and disposal. Additional emissions 
are associated with the refining and distribution of vehicle fuel. Motor vehicles cause both 
primary and secondary pollution. Primary pollution is emitted directly into the atmosphere; 
secondary pollution results from chemical reactions between pollutants in the atmosphere. The 
following are the major pollutants from motor vehicles: 
 H Y D R O C A R B O N S  ( H C ) .   These pollutants react with nitrogen oxides in the presence of 
sunlight to form ground level ozone, a primary ingredient in smog. Though beneficial in the 
upper atmosphere, at the ground level this gas irritates the respiratory system, causing coughing, 
choking, and reduced lung capacity.  
[source:http://www.ucsusa.org/clean_vehicles/vehicle_impacts/cars_pickups_and_suvs/cars-
trucks-air-pollution.html] 
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 N I T R O G E N  O X I D E S  ( N O X ) .  These pollutants cause lung problems and weaken the defenses 
against respiratory diseases. 
[source:http://www.ucsusa.org/clean_vehicles/vehicle_impacts/cars_pickups_and_suvs/cars-
trucks-air-pollution.html] 
 C A R B O N  M O N O X I D E  ( C O ) .   Doesn’t have any odor or color. Is poisonous gas and is formed 
by the combustion of fossil fuels such as gasoline. Its produced mainly by trucks and cars. Its 
very bad for the human body, blocks the transport of oxygen to the brain. 
[source:http://www.ucsusa.org/clean_vehicles/vehicle_impacts/cars_pickups_and_suvs/cars-
trucks-air-pollution.html] 
 S U L F U R  D I O X I D E  ( S O 2 ) .  Produced mainly by motor vehicles and power plants, its specially 
produced by sulfur containing fuels like diesel. Poses a very big risk in lung problems, specially 
for asthmatic people. 
[source:http://www.ucsusa.org/clean_vehicles/vehicle_impacts/cars_pickups_and_suvs/cars-
] trucks-air-pollution.html
 People should be educated since school level to take care of the environment and not to abuse of 
the use of cars if it is no need to. 
 Public transportation should be improved. 
  Research in new mechanisms to reduce the wastes of cars engines should be done. 
 
ROADS  
The main way of transportation in the United States is ground transportation, used by must 
people to travel everywhere around the country. Transportation is a vital aspect of the USA 
economy and is fundamental to supply factories, malls and supermarkets with their products. 
The United States territory has the biggest highway infrastructure in the world, and billions are 
invest every year to improve it and make it bigger. 
With an increase in the number of vehicles has also come a huge increase in the number of roads, 
this has comes with a significant destruction of the environment, soil, air, animals and vegetables 
has been very affected by this. 
 Legislations should regulate more the production of vehicles every year. 
 Benefits should be given to those families that have a lower vehicles/people ratio. 
 Tolls in some highways should increase. 
  More fast lines for cars that Carrie 2 passengers or more.
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LEAD FREE GASOLINE  
Harry Ricardo in England discovered that Lead additives modified this behavior led to the 
widespread adoption of their use in the 1920s and therefore more powerful higher compression 
engines. 
Later in the century, lead was discovered to be a very toxic substance with a lot of unfavorable 
environmental impacts. Therefore, in the year 1975 lead free engines were develop, by the year 
1985 must countries adopted lead free engine technology, this was a very favorable 
improvement. 
HYBRID VEHICLES  
Hybrid vehicles, a relatively new technology in the market. All those vehicles that use at least 
two different sources of energy are considered hybrid vehicles. 
Now day many car companies have develop this vehicles, Toyota, Honda and GMC for example 
are some of the big car companies that has developed hybrid technology vehicles. 
Hybrids are proved to spend much less gasoline than normal cars, they are also prove to cause 
much less pollution, however must average people don’t really buy them because their cost is 
considerable higher of that of normal vehicles, their engine is less powerful and they haven’t had 
in off publicity. 
 
 There are many things that can be done to promote the use of this type of cars, specially by the 
government, they could reduce taxes, or make different lines in the highway in rush hour time for 
those who drive a hybrid. 
 Reduce tolls for people that drive hybrids. 
 Legislations should make cart-renting companies to have a percentage of Hybrids. 
 
 
HEALTH ISSUES WITH OIL EXTRACTION  
Oil is a toxic substance for animals and plants and is proven to have many chemicals that can be 
considered, as carcinogens and if the proper procedures are not follow, it could have many 
unfavorable consequences.  
Some of the carcinogen chemicals found in petroleum are: Benzene, toluene, benzopyrine, and 
radioactive materials. 
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A lot of research about Benzene has proven it to be a very important cause of leukemia and 
cancer. A research done in a Texaco and Chevron oil refinery in the Ecuadorian Amazon shows 
how a town was very affected by the pollution of benzene and how people have tree time more 
chances of getting leukemia and cancer there than in any other area of the country. 
Some studies also have been done in Canada that show a lot of cases of different diseases obtain 
by workers. Most of these workers claimed to have been working with pipelines and marine 
plants, on an 8-hour daily work basis and with a high presence of benzene, especially by contact 
and by breathing. You can see in the charts bellow the results of two different studies; one of 
them based on a 99,000 population base shows 1154 dead in different diseases, and the other one 
shows an study of a population based on 71,000 and 767 cases. 
 
[8] 
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There have also been very high incidents of leukemia cases by benzene in rubber workers, plastic 
industry workers, ply wood workers and furniture workers (the glue they use contains some 
benzene), asphalt workers. 
 
Petroleum jelly, the main component of Vaseline is proven to cause breast and skin cancer, also a 
lot of chemicals used to exterminate bugs are petroleum based and are proven to be one of the 
most important causes of leukemia. People that work in exterminating companies have one of the 
biggest risks for leukemia. 
[9] 
 Workers should be informed of all the health risks they affront doing these types of jobs so they 
take all the precautions they need. 
 Companies should provide all workers with proper equipment, including cloves, long sleeve 
coats, gloves, and masks. 
 The workers in high-risk areas should receive a decent salary, a good health insurance plan and 
medical examinations at least two times a year. 
 The government should create laws that protect this workers and don’t let them be expose more 
that certain amount of hours a day. 
 The government, the universities and the oil companies should research looking for new 
technologies and new techniques that will allow every day less human involvement needed, 
which means less risk of diseases. 
 The American health care system is very deficient in many aspects, the government should invest 
more money improving public health and medical salaries should be regulated. 
  More research about cures and prevention methods should be done.
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OBAMA ’S OIL POLICY  
During his campaign, Barack Obama made a lot of promises about solutions to fix the entire 
country energy problem, and help a lot the economy. 
He promised that his government will work with private car companies with the goal of having 1 
million plugging electric vehicles by 2012. He said that his administration will partner with 
private automakers and rebate them $ 4 billions in taxes, this $ 4 billions are expected to be 
implemented in built new cars with fuel-efficient parts.  His administration will work with the 
congress and automaker companies to make sure that all new cars in the market are flexible fuel 
capacity. 
 He will establish the national low carbon fuel standards (LCFS). This standards express 
that suppliers must reduce the carbon in their fuels by 5% within the next five years and 10% 
within the next ten years. 
He also promised he would prior zed the construction of Alaska natural gas pipeline. 
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BP OIL SPILL 
On April 20 2010 a catastrophic accident occurred in the Gulf of Mexico. A drilling well 
exploded, causing   the biggest oil spill in the history of the United States.  It is estimated that oil 
is spewing at a rate of between 5,000 and 70,000 oil barrels a day. It is considered one of the 
most destructive environmental problems in world history and nobody has been able to stop it.  
Since it started, British Petroleum, the company responsible for this oil spill, has been 
spending an average of 6 millions dollars per day to clean up their mess. Some analysts estimate 
the total cost of cleaning up to be between $ 3.5 billion and $7 billion, and additionally there will 
be a huge amount of money to be spent in lawyers and fines. The total cost of the operation is 
estimated to exceed $14 billion, which will represent a big hit in the company budgeting sheets.  
The companies stocks have already lost 35 % of their value in the London stock market. 
President Barak Obama named British Petroleum responsible for causing this 
environmental mess, and demanded that they fix the problem by them selves. However   The 
Company hasn’t been able to stop the leaking, The USA government gave BP a deadline to fix it, 
and they missed it. Now the government is looking for somebody to blame. Tony Hayward, the 
CEO of the company, is the first person on their list; they believe that he did not make the proper 
decisions and that he has been very inefficient managing the company. ―If I were his boss, I 
would have fired him‖, said president Obama. 
ENVIRONMENTAL CONSEQUENCES  
Oil is proven to be a very toxic chemical for sea creatures; as a result of oil spills, a lot of 
the marine fauna and vegetation will die. Water, a priceless substance not only for humanity but 
also for most life in the planet, is going to be polluted.   
Many birds, especially those that look for food from the sea are going to suffer and many 
of them are going to die (see fig below). The oil moves with the water, so if it is not stopped the 
consequences of this spill can expand to other areas of the planet.  Oil is proven to be a very 
flammable substance, and proven to damage the atmosphere and will contribute to global 
warming, and the pollution of the air. 
More than 400 different species live in the Gulf and many of them are endangered, like 
the green turtles or the loggerhead turtles,  and about  34,000 birds. A comprehensive inventory 
determined that over 15700 species, including 1,200 fishes, 200 birds, 1,400 mollusks, 1,500 
crustaceous, 4 sea turtles and 29 marine mammals live in the area. 
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Oil has reached the shores of many beaches, polluting the sand and many experts said 
that this will be an irreversible consequence that will be there for many years intoxicating 
animals. 
 
http://assets.nydailynews.com/img/2010/06/05/alg_oil_bird.jpg 
  A huge amount of people should be sent to the affected areas to rescue as many animals 
as is possible. BP and the USA government should work together and this way they 
would make a more effective campaign, with the purpose of making people understand 
the huge environmental damage and to join the cause. 
  Some detoxification centers should be established to bring these animals in, take good 
care of them, and save as many of them as is possible. 
  Engineering support should be given by private companies and universities. 
HEALTH CONSEQUENCES  
By May 29 2010, ten of the clean-up workers had been taken To West Jefferson medical center. 
Eight of them had been hospitalized; apparently they were affected because no respiratory 
precautions were taken into account. 
On June 15 people from the Louisiana Environmental Action Network reported that people along 
the gulf coast were getting very sick, with the main symptoms being nauseas, vomiting, 
headaches and chest pain; not only workers in the accident, but also people that live in the area. 
BP was accusing some workers for using health masks that were supplied by the Louisiana 
Environmental Action Network. 
By June 21, 143 oil spill exposure-related cases had been reported to the Louisiana Department 
of Health and Hospitals, 108 were workers in the oil spill incident and the other 35 were part of 
the regular public. 
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The Institute of Medicine of the U. S. National Academies held a workshop 22 and June 23 to 
assess known health effects of this and previous oil spills and to coordinate epidemiological 
monitoring and ongoing medical research. The Louisiana state health officer Jimmy Guidry stated 
that need as: ―This is more than a spill. This is ongoing leakage of a chemical, and adding 
chemicals to stop the chemicals. We're feeling like we're in a research lab. 
 [Source: http://en.wikipedia.org/wiki/Deepwater_Horizon_oil_spill]
 
ECONOMIC CONSEQUENCES  
There have been a lot of consequences from this accident, not only from the 
environmental point of view, but also from the business and economical point of view.  BP is 
one of the biggest companies in the world, with a revenue of $ 246 billion, an operating income 
of $ 26.46 billion and with almost 100,000 direct employees.  They will be forced to reduce their 
employees’ number and reduce some salaries to recover from this huge monetary lost.  All the 
fishing, touristic industry of the states close by is going to be affected and a lot of people’s jobs 
may be at stake, 50 % of the oysters and crab industry was affected in the area, On may 24 2010 
the federal government declared a fishing emergency in the states of Alabama, Mississippi and 
Louisiana. It was an initial estimated cost of 2.5 billions for the fishing industry. 
A fishing barrier was created which was roughly the size of 78587 square miles,  which 
means that it is not allowed to fish in that area anymore.  
Many people cancelled their vacation plans to these states,  BP gave $ 15 million dollars 
to Each of Alabama, Mississippi and Louisiana and gave $ 25 million dollars to Florida to 
promote their beaches which oil had not reached.  
The oil travel association estimated an average lost in the next three years in the travel 
industry of approximately $ 23 billion dollars. 
A lot of oil is lost from this spill, it is estimated that more than 70 million barrels, which 
will bring oil prices up.  
A lot of subcontractors from BP and from the USA government will be paid millions of 
dollars for this incident so the consequences are not unfavorable for everybody.  
  BP should analyze and study the better and most efficient procedures to be taken to 
reduce the cost of the damage. 
  The US government should study the case too and work together with BP to be more 
efficient. (They shouldn’t be arguing and looking for guilt now) the important thing now 
is to solve the problem. 
  The US government should contact other countries with better oil technologies and try to 
work together with them for a positive solution 
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  The government should create a community service program plan and bring people that 
has been convicted and need to do some hours of labor for the state and make them help 
cleaning this huge mess. 
  BP should take care of all those people that will be affected, especially those that will 
lose their jobs. 
 
POLITICAL CONSEQUENCES  
If the oils spill is not stopped, this oil could move and reach others countries water, 
especially a lot of Caribbean Islands and the north coast of Mexico that are very close to the oil 
spill, and this could bring an international conflict between the nations involved. 
Libya, which is an oil exporter country with very advanced technology in spill problems, 
is offering British Petroleum their help, with one condition, they shall free Abdelbaset Ali 
Mohmet al-Megrahi, a Libyan that is accused for been a terrorist, this could represent a threat not 
only for the USA, but the whole world.  
WHAT ARE THEY DOING N OW TO STOP THIS? 
Right now there are a lot of thing they are doing to stop this spill, not only BP but also 
other companies that they have hired to help them.  
Because of the depth of the well (about a mile under water), it is very difficult to be 
reached by humans so other solutions should be taken into account. 
There is a company called Oceaneering which has developed some robotic devices that 
can go into the water and are controlled remotely, it’s like a small robotic submarine with 
robotics arms, they are trying to stop the spill working with these robots. 
Two remotely operated vehicles (ROV) were sent to the depth of the sea, to try to install 
Lower Riser Package (LMRP) cap but at first they didn’t succeed. 
Later on new efforts were done to try to install other caps, oil was leaking. 
In three different spots, six remote controlled vehicles where send under water to install 
this caps. The installation of these caps was unsuccessful and the spill of oil continued.  
Three days later BP announced that the smallest of the three known leaks was entirely 
capped, however this didn’t reduce the amount of oil leaking but it allowed the repair group to 
focus on the other two caps. 
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SHORT-TERM EFFORTS  
The first efforts done by BP engineers to stop the leak was to place a 280,000 lb container 
over the largest of the well leaks and pipe the oil to a storage vessel in the surface. This system 
failed when gas leaking from the pipe mixed with the water and formed methane hydrate. 
A new smaller containment dome was lowered to the seabed. 
On May 14 engineers began the process of positioning a 4-inch riser intersection tube 
into the 21 inch wide bust pipe. After three days BP reported that the tube was working and the 
collection of oil and natural gas was possible. 
BP next tried to shut down the well completely using a technique called "top kill". The 
process involves pumping heavy drilling fluids through two 3-inch (7.6 cm) lines into the 
blowout preventer that sits on top of the wellhead. This would first restrict the flow of oil from 
the well, which then could be sealed permanently with cement. The top kill procedure, approved 
by the Coast Guard on May 25, commenced on May 26 and, according to BP sources, while 
failure could be evident in minutes or hours it might take "a day or two" before its success could 
be determined. On May 27, U.S. Coast Guard Adm. Thad Allen, who is coordinating the 
government response, indicated that engineers had succeeded in stopping the flow of oil and gas 
into the Gulf of Mexico. He further stated that the well still had low pressure, but cement would 
be used to cap the well permanently as soon as the pressure hit zero. However, BP officials said 
it was not possible to tell how far down the well the mud may have reached and declined to 
speculate on the odds of actually stopping the flow. "We have some indications of partial 
bridging which is good news. I think it's probably 48 hours before we have a conclusive 
view."On May 29, BP announced that the attempt to clog the ruptured oil well with "junk" had 
failed. 
After three consecutive failed attempts at the top kill, on May 29 BP moved on to their next 
contingency option, the Lower Marine Riser Package (LMRP) Cap Containment System. The 
operational plan first involves cutting and then removing the damaged riser from the top of the 
failed blowout preventer to leave a cleanly-cut pipe at the top of the BOP's LMRP. The cap is 
designed to be connected to a riser from the Discoverer Enterprise drillship and placed over the 
LMRP with the intention of capturing most of the oil and gas flowing from the well. During the 
cutting of the pipe, the diamond blade saw became stuck and was later freed, but BP had to use 
shears instead and the cut is "ragged",meaning the cap would be harder to fit. The cap was finally 
attached on June 3. By June 7, Adm. Thad Allen estimated that the amount of oil captured had 
increased to 620,000 US gallons (15,000 bbl) per day. BP's CEO Tony Hayward stated his 
opinion that the amount captured was "probably the vast majority of the oil." However, the live 
stream of the oil escaping from the capped pipe does not appear to be substantially reduced and 
Ira Leifer, a member of the government team that estimated the flow rate, claims that the well 
pipe is clearly gushing more oil than before the cutting of the pipe to put the cap in place. 
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BP has announced that the company will bring in a floating production, storage and 
offloading (FPSO) vessel Helix Producer 1 that could then be offloaded with a shuttle tanker 
Loch Rannoch which normally services the Schiehallion oilfield. As the processing capacity of 
Discoverer Enterprise (18,000 barrels (760,000 US gallons; 2,900 cubic metres) of oil per day) 
is not sufficient if the amount of oil collected continues to increase, BP plans for processing also 
to bring the Transocean drillship Discoverer Clear Leader. BP is also working on a system that 
will allow it to flow oil from the choke and kill valves on the BOP through a subsea manifold to 
the Q4000 service platform operated by Helix Energy Solutions Group, with processing capacity 
for about 5,000 barrels (210,000 US gallons; 790 cubic meters) of oil per day. Q4000 will be 
paired with Sea lion Shipping owned well testing vessel Toisa Pisces. 
[Source: http://en.wikipedia.org/wiki/BP_oil_spill#cite_note-127] 
BP is using a very toxic dispersant product called Corexit  9527. This product is proven 
to be very effective to clean the oil in the water, however its proven to be very toxic for people 
and wild life. 
This product was sprayed in some area close to the gulf, and a month later it was reported 
that some fisherman’s got headache, heart palpitations, muscle spasms and internal bleedings. 
Toxicologist say that this product is very toxic and that it can go through skin. 
LONG-TERM EFFORT .  
BP is drilling relief wells into the original well to enable them to block it. Once the relief 
wells reach the original borehole, the operator will pump drilling fluid into the original well to 
stop the flow of oil. Transocean's Development Driller III started drilling a first relief well on 
May 2 and was at 13,978 feet (4,260 m) out of 18,000 feet (5,500 m) as of June 14. GSF 
Development Driller II also started drilling a second relief on May 16 and was halted at 
8,576 feet (2,614 m) out of 18,000 feet (5,500 m) as of June 14 while BP engineers verified the 
operational status of the second relief well's BOP. This operation will take two to three months to 
stop the flow of oil (BP also confirmed in late May that they did not expect the relief well to 
operate before August) and will cost about US$100 million per well. 
[Source: http://en.wikipedia.org/wiki/BP_oil_spill#cite_note-127] 
HOW CAN WE PREVENT THIS IN THE FUTURE? 
Accidents can always happen, however there are many things that we can do to reduce 
the risk of them. 
The USA government and all the governments of the oil producing countries should make sure 
that the oil companies take the necessary safety and maintenance measurements to prevent spills, 
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pipes must be inspected constantly and should be replaced if needed, drills should be inspected, 
and proper maintenance should be done to them. 
Governments should provide incentives to universities and research centers to get the 
most knowledge, as it is possible in new technologies such as the use of new materials and new 
safer processes to extract oil. These incentives could be represented in giving funds to those 
institutions that get the better innovations in these matters.  
Oil eating Bacteria has recently been discovered, more research should be done in this matter 
too. 
Oil Tankers should be constantly inspected, and all new tankers should be made with a 
double layer in the oil containing parts to prevent oil spills. 
Governments should provide incentives to oil extracting companies to decrease pollution by 
giving benefits to those companies with best environmental plans, reducing this companies taxes 
will be an example of an incentive.  
New reinforced pipes systems should be applied, drilling should be done more carefully and the 
soil should be analyzed before a previous drilling. 
New pipe systems should come with valves every certain distances that will allow to control the 
flow of oil in such a way that if a pipe breaks, it fill be easier just to close the valves. 
RECENT DEVELOPMENTS  
BP has claimed that the flow of oil has been ceased and the well successfully closed.  They have 
also released a press release claiming that the majority of the oil has been either recovered, 
evaporated, or dissolved using various methods including burning, siphoning, and natural causes. 
A residual (25%) portion of the total oil spill is still on or just below the surface of the ocean, as 
residue and tar balls, or on the beaches on the coasts. Although the oil cleanup and removal from 
the ocean seems to be going apace, there is still an as of yet unknown set of long term 
consequences on the ecosystem of the Gulf. We can only hope that they aren’t too severe and 
that recovery can happen in our lifetimes. 
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HYDRAULIC FRACTURING 
Hydraulic fracturing is a formation stimulation technique used to increase the 
permeability in a producing formation in order to allow natural gas to flow more readily from the 
reservoir to the wellbore. This process is also used to increase the permeability when production 
has been hampered by formation damage and to re-stimulate production in older producing 
wells
1
. Hydraulic fracturing is currently being used in 90 percent of natural gas and oil wells and 
is responsible for 30 percent of domestic oil and natural gas production
2
.  
The hydraulic fracturing process involves the controlled pumping of fracturing fluid 
under a high pressure into a target formation to create fractures in the rock in order to extract the 
natural gas or oil at an economical rate. The fracturing fluids are used to initiate and expand 
fractures, as well as transport proppant into fractures. Proppants are sand or other granular 
substances which are needed to ―prop‖ open the fractures after the pumping of fracturing fluids 
has stopped. If no proppants were used the fractures would simply close after the pressure was 
reduced
3
.  
An important property of the fracturing fluid is its viscosity. An ideal fluid should have a 
low viscosity in the horizontal and vertical tubular to reduce the friction pressure as well as a 
high viscosity when the fluid enters the fractures for better proppant transport. Having a high 
viscosity is also useful for reducing the leakoff on the fracture walls. The high viscosity, 
however, is no longer needed after the stimulation and is highly detrimental to the flow of the 
produced fluids. The high viscosity of the fluids must therefore be considerably reduced. The 
contradictory high and low viscosities of the fluid are both needed for the hydraulic fracturing 
process to be efficient and economical. In order to have both properties, various chemicals must 
be added in several steps with each chemical performing a certain role in the overall process. 
Different types of chemical additives are used in each fracturing fluid based on the properties of 
the target formation
4
.  
FRACTURING FLUID SYSTEMS  
 The fracturing fluid used in any job is unique to that formation. The fracturing fluid 
complements the specific characteristics of the rock formation. No two fracturing fluids are 
alike. They are all different with each one fulfilling their roles to their targeted formation. 
Despite the uniqueness of each fluid they can be grouped into five systems which include linear 
gels, crosslinked gels, oil gels, foam, and slickwater. Each type of fracturing fluid system 
possesses its own positive and negative performance traits. It is the job of the service company to 
make sure that these performance traits accommodate the targeted formation being stimulated. If 
the right decision is made, the fluid will behave ideally. 
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LINEAR GELS  
One of the types of gels is linear gels. The most common gelling agents are typically 
linear polysaccharides, such as guar gum, cellulose, and their derivatives. The linear gels 
typically have a concentration between 2.4 and 9.6 kg/m
3
 in the fracturing fluid solution. At 
ambient conditions, the gelled fluids have viscosities of 0.1 Pa∙s under the shear stress from the 
fractures. However, at reservoir temperatures the polymer solutions viscosity becomes greatly 
reduced to approximately 2 × 10
-2
 Pa∙s which is insufficient for proppant transport. The gelled 
fluid must have a viscosity of at least 0.1 Pa∙s in the fracture where the large shear rates at the tip 
reduce the viscosity of the fluids considerably. Linear gels are therefore very poor proppant 
transporters with low fluid viscosity
4
. The polymer solution can also leave a lot of gel residue 
which can be as high as 8 to 10 percent by weight. The large residue from the fluid can reduce 
the permeability of the proppant pack in the fracture. In low permeable formations, linear gels 
form thick filter cakes on the fracture walls which significantly reduce fluid loss. Despite its 
ability to reduce fluid loss, the thick filter cakes can also adversely affect the fracture 
conductivity in low permeable formations by clogging up the proppant pack. The effects in 
higher permeability formations are just the opposite where there is excessive fluid loss due to the 
viscous invasion of the gel into the formation. The most conductive linear polysaccharide is 
hydroxyethyl cellulose (HEC) which virtually does not leave any gel residue providing for the 
best proppant pack permeability
5
.  
CROSSLINKED GELS  
 The linear polymeric gels have the problem of being poor proppant transporters because 
their viscosity decreases under the high temperatures of the reservoir. However, the viscosity can 
be substantially increased under such conditions if the polymer chains are crosslinked. 
Crosslinking reduces the need for more fluid thickeners and extends the viscous life of the fluid 
indefinitely. After the hydraulic fracturing process is completed, the crosslinked polymer chains 
must be broken in order to increase the permeability of the proppant pack. A breaker is therefore 
introduced to break the crosslinker, and eventually the polymer, to allow the natural gas in the 
formation to efficiently flow back to the well head
4
.  
There are many different types of crosslinkers. One type of crosslinker uses borate to 
connect the polymer chains. The most effective crosslinked fluid system occurs when borate is 
crosslinked with hydroxypropyl guar (HPG) gel. Borate crosslinkers were once restricted from 
high temperature applications and could only withstand temperatures below 115ºC. However, 
borate crosslinkers have recently been improved to currently operate at temperatures of up to 
150ºC. The reason why borate crosslinkers are the most effective crosslinkers is that the ionic 
bond between the polymer chains can be reversed by altering the pH of the fluid system. This 
reversible characteristic of borate crosslinkers enables them to clean up more effectively which 
results in a highly permeable proppant pack and better overall conductivity. In addition to its 
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clean up properties, borate crosslinkers also are good proppant transporters, have a stable fluid 
rheology, and low fluid loss. Borate crosslinked fluids have also been proven to be effective in 
formations with both low and high permeability
6,7
.  
 For higher temperatures, organometallic crosslinkers are employed in fracturing fluid 
systems. Titanium and zirconium complexes are commonly used with guar derivatives such as 
HPG or carboxymethyl-hydroxypropyl guar (CMHPG). Organometallic crosslinkers can 
withstand temperatures of up to    205 ºC. The proppant transport capabilities of organometallic 
crosslinked fluids are excellent and very useful when extended fracture lengths are needed for 
some formations. The metallic bonds which form the crosslink mechanism are not reversible, 
unlike the borate crosslinkers, and do not break when exposed to conventional gel-breaking 
systems. Because of the strong bonds of the crosslinker, the filter cakes which form on the 
fracture face can be difficult to clean up and result in impaired fracture conductivity. 
Organometallic crosslinkers are compatible with low permeable reservoirs, but should not be 
used on formations with higher permeabilities. Despite the damaging effects of the 
organometallic crosslinked polymer fluids, they are still necessary. Without this type of 
crosslinked gel many formations would not be considered economical for extraction
6,8
.  
 One of the problems with many crosslinked gels is that they crosslink prematurely. 
Crosslinkers are designed to increase the viscosities as the temperature increases near the target 
formation. The viscosity needs to be low in the tubular for the process to be economical. If the 
viscosity develops in the tubular, the friction pressure will greatly increase, thereby increasing 
the operation pressure and cost to the service provider. In order to prevent this problem from 
happening delayed crosslinkers are used. Delayed crosslinkers guarantee a low viscosity in the 
tubular and a higher viscosity in the target formation fractures. In order to perform this task, 
delaying agents such as bicarbonate salt are used to make the fluid sensitive to high-shear values 
of the formation fractures. The high shear values activate the crosslinking reaction which 
increases the fluid’s viscosity. The delaying agent allows the fracturing fluid to have a high 
viscosity where it is needed by the formations fractures and not prematurely in the tubular
4
. 
 
OIL GELS  
Some formations can be very sensitive to water-based fracturing fluids or foams and can 
be badly damaged to a point where extraction is no longer economical. These water sensitive 
formations have large percentages of clays which react with the water. Particles from the clays 
migrate and swell when contacted with water which greatly reduces the flowback of the 
produced fluids. Shale and siltstone rock formations typically contain an abundance of these 
water sensitive clays
9
. 
 In this type of situation, oil-based fracturing fluids are employed. Oil-based fracturing 
fluids do not adversely affect formation minerals and are non-damaging in water sensitive 
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formations. Oil-based fluids are typically composed of a diesel solvent and a phosphate ester 
gelling agent
4
. Gelled oil systems were the first type of high viscosity fluids used in hydraulic 
fracturing and have the major advantage of being compatible with almost any type of rock 
formation
6
. Gelled oil systems are also more efficient than aqueous-based fracturing fluids.  The 
diesel solvent has a lower viscosity than water, but a higher carrying capacity of the gel 
concentrate. The oil-based system therefore has the same proppant carrying ability with a much 
lower viscosity. The low viscosity reduces the operation pressure used in the hydraulic fracturing 
process. If a water-based fluid was used the higher viscosity would increase the friction in the 
horizontal and vertical tubular and a higher pressure would be needed inside the wellbore
10
. Due 
to the non-damaging behavior of oil-based fluids, the fracture geometry in formations can be 
controlled easier than aqueous-based systems. Unlike water-based fluids, gelled oil fluids rapidly 
develop a consistent gel viscosity which eliminates the need to pre-mix the gel. The oil-based 
system is also more convenient in cold weather conditions
6
. 
 Despite their advantages, oil-based fracturing fluids are rarely used. They are much more 
expensive and difficult to handle than aqueous-based fluids. Oil-based systems are more 
hazardous because they are flammable and possess an environmental and health concern when 
used near underground sources of drinking water (USDW)
 11
. The diesel fuel which is usually 
used as the solvent in oil-based system contains many known carcinogens. One of the known 
carcinogens is benzene which can make up anywhere between 0.003 percent and 0.1 percent of 
the diesel solvent. Due to this environmental and health concern, the EPA in 2003, set up an 
agreement with the largest hydraulic fracturing contractors to stop using oil-based fluids in 
coalbed methane wells near USDWs. The agreement does not totally forbid the use of oil-based 
fluids
3
. Currently, 8 percent of fracturing operations in North America still use this type of 
system
11
. Hydraulic fracturing has not been officially proven to have contaminated USDWs; 
however there are incidents where the process might be to blame. 
 
FOAMED GELS  
A very common practice is the foaming of fracturing fluids with nitrogen or carbon 
dioxide gas. The foamed fracturing fluids contain a liquid phase of the fluid system which is 
gelled, a foaming agent, and an internal phase typically composed of either N2 or CO2 with a gas 
volume fraction from 60 to 80 percent
6
. Using foamed gels greatly reduces the amount of 
fracturing liquids needed for formation stimulation. This is because the bubbles in the foam fill 
voids that would otherwise be filled by the fracturing fluid. The foamed gels also use less 
fracturing fluid because they can carry a relatively high concentration of proppant. These two 
factors contribute to a 75 percent reduction in the overall amount of fluid that would be 
necessary for conventional linear or crosslinked gels
3
. Even though less fracturing fluids are 
needed, foam fluid systems are much more expensive than the traditional methods. Another 
disadvantage when using foamed gels is that it is limited to shallow low pressure formations. The 
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increased formation pressure prohibits its ability to effectively fracture the formation and deliver 
the proppant
12
.  
Despite its disadvantages, foamed fluid systems can be very effective in hydraulic 
fracturing processes. The low liquid content of the foamed fluid reduces the amount of liquid that 
needs to be recovered. The foams also produce a very strong thin filter cake which has low fluid 
loss characteristics. The foamed gels can be crosslinked to increase their viscosity and can be 
applied to a wide range of operation pressures. Foamed fluids also do a very good job at 
minimizing formation damage
6
.  
 
SLICKWATER  
A very popular type of hydraulic fracturing system is the slickwater fracturing fluid. 
Slickwater is 98 to 99.5 percent water mixed with various performance additives. The chemical 
additives in slickwater fracturing jobs may include friction reducers, biocides, surfactants, scale 
inhibitors, acids, and oxygen scavengers. Slickwater does not use any polymeric thickeners 
unlike the various types of hydraulic fracturing gels. Since no thickeners are used, slickwater 
fluids have a lower viscosity and concentration of proppant than the conventional gelled fluids. 
Slickwater also has a reduced number of performance additives than the conventional fluids
11
. 
Since a lower proppant concentration is used, its proppant selection is critical to the slickwater 
design. A typical proppant used in slickwater hydraulic fracturing must have the appropriate size 
and specific gravity to have enough suspension in order to be effectively transported into the 
fractures of the target formation. The proppant’s size and specific gravity, however, must be 
traded off with its strength and ability to prop open the fractures. An ideal slickwater fluid and 
proppant system discovered by H.D. Brannon can have virtually no proppant settling. This 
system is composed of a 20/40 mesh lightweight proppant with a specific gravity of 1.25 in 
viscosified 9.4 lb/gallon brine water. Brine water is occasionally used instead of fresh water as 
the base of the slickwater fracturing fluids. The salt content of the brine water inhibits the clays 
in the formation from swelling
13
. Originally many slickwater wells were successfully fractured 
with no proppant at all. The initial production was at first higher than the conventional fluids, but 
eventually the production of the well declined rapidly until it was no longer economical. The 
hydraulic fracturing system has now evolved to high-rate slickwater fractures with various 
additives
11
.  
The modern high-rate slickwater fracturing systems pump the fluid at extreme rates of 50 
to 120 barrels per minute usually totaling up 1.2 million gallons of water for vertical wells and 
3.5 to 5 million gallons for horizontal wells
11,13
. The slickwater treatments use approximately 
twice the volume of water than the conventional gelled fluids and less than 10 percent of the 
proppant volume
15
. The reason why so much slickwater is used is because it creates better 
production rates due to the greater surface area contact within the target formation. The surface 
area is a function of the size of the treatment pumped. Having a greater volume of fluids will 
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increase the fracture half-lengths and widen the fracture fairways
14
. Despite using such a great 
amount of water, the cost of the job is still reduced by about 65 percent when compared to the 
conventional gels.  The gelled fluids can have the problem of low rates of return due to 
polymeric residue in the proppant pack which can make the well uneconomical. Slickwater, 
however, is non-damaging to the proppant pack and therefore has a higher production rate. The 
non-damaging slickwater property allows the well to have a larger flowback of produced waters 
which can then be reused for subsequent fracture treatments. By having no polymer thickeners, 
the lower viscosity of the fluid also reduces the pumping pressures and increases the penetration 
into the target formation
15
. The slickwater fracturing fluid cannot be applied to many formations. 
They can only be economical in low permeable high pressured formations. Since it does not use 
any gels, slickwater can have relatively poor proppant suspension and transport characteristics. 
This downfall can be avoided if the right proppant is used for the slickwater fracturing job. 
Another problem with the slickwater system is the enormous amount of water used can put a 
strain on local communities. As much as 5 million gallons of water can be used in a single 
treatment and a total of nine treatments can be performed on a single horizontal well
13
. However, 
despite the drawbacks of slickwater, it is still a useful fracturing fluid especially in shale 
formations which have been gaining increasing importance in domestic natural gas production. 
CHEMICAL  ADDITIVES 
 
Several chemical additives in very low concentrations are incorporated in fracturing fluids to 
enhance the efficiency and increase the success of the stimulation. The chemical additives are 
not all mixed in at once, but are used in separate stages engineered specific purpose to facilitate 
the overall production of the well. The types and amounts of chemical additives used vary for 
every fracturing job in order to complement the properties of the producing formation. 
D ILUT ED ACIDS  are used to dissolve carbonate minerals and drilling mud damage near the 
wellbore. The first stage in many hydraulic fracturing processes involves the pumping of diluted 
acid to clean out the cement and debris around the perforations
12
. This additive can also be used 
to break up the viscous residue left by other fluid additives. Diluted acids are also used to initiate 
cracks in the rock formation. Hydrochloric or muriatic acids are typically used to perform these 
tasks
16
. 
B IOCI DES  are used to prevent bacteria growth in the well. Biocides are needed because the 
organic polymers are used in many fracturing fluids provide a great medium for bacteria growth. 
The bacteria harm the fluid by secreting enzymes that break down the gelling agents. The 
viscosity reduces in the fracturing fluid and the transportation of the proppant becomes 
inadequate. Biocides are therefore necessary to eliminate and prevent bacteria growth in the 
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polymeric gelling agents for a satisfactory fracturing performance. Common biocides used are 
 quaternary amines such as glutaraldehyde and tetra-kis-hydroxlymethylphosphonium sulfate
13
.
SCALE IN HI BITO RS  are used to control the precipitation of certain carbonate and sulfate 
minerals which can create large scale deposits in and near the wellbore
12
. Scale is the coating or 
incrustation which can form on the pipes of the wellbore by the precipitation of salts in the 
fracturing fluid. The water in the fracturing fluid dissolves the salts such as calcium sulfate, 
calcium carbonate, and barium sulfate as it is pumped down the wellbore. When the conditions 
are right an excessive amount of scale can form. When the concentrations of these minerals are 
high enough and the conditions such as a high pressure differential and low temperature are 
present, scale formation can truly be detrimental to the production of the well. In order to prevent 
this problem scale inhibitors are used which are mostly phosphates, organo phosphates, or 
ethylene glycol
13
. 
FRICTION  REDUCER S  are used to minimize the friction between the fracturing fluid and the 
tubular. By employing friction reducers, a lower operation pressure is needed to pump the fluid 
into the wellbore. Friction reducers can reduce tubular friction by 50 to 60 percent. Potassium 
 chloride or polyacrylamide based compounds are typically used as friction reducing agents
12
.
BR EAK ER  additives are used to degrade the fracturing fluids viscosity. After a fracturing job has 
been completed with gelled systems, the polymer chains must be broken to release the proppant 
and to permit a fast and complete flowback. This additive is usually introduced after the injection 
has stopped. Breakers, however, can also be mixed with the fracturing fluid during pumping. 
These breakers have a delayed breakdown of the polymer and are temperature sensitive or time-
released. Most breakers are typically acids, oxidizers, or enzymes
4
. 
PROPP ANT S  are used to hold the created fracture width open against the formation stress after 
the supplied fracturing pressure subsides. Proppants generally are very inert materials. The most 
common proppant is sand. Lightweight ceramics, sintered bauxite, and even walnut shells can 
also be used to prop open the formation’s fractures. Proppants are sometimes coated with resins 
to allow them to stay together and maintain a high fracture permeability at larger stress values. 
The strength and transportation ability are the two key properties of this additive. The proppant 
needs to be strong enough to maintain the width of fracture by holding back the stresses of the 
formation for long periods of time during extraction. If the proppant cannot maintain its strength, 
the fracture will close, and the well will have to be refractured. Different strengths are necessary 
depending on the depth of the formation. Certain types of proppant cannot handle high pressure 
of formation at larger depths. Larger heavier proppants are used at depths greater than 3000 
meters. These strong proppants usually have a harder time of keeping suspended the lightweight 
proppant used in shallower rock formations and can be hard to transport. Certain fracturing fluids 
require a proppant that can remain in suspension until it reaches the fractures of the formation. 
This quality is very important in the slickwater system since no gel thickeners are used. In 
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fracturing fluids such as slickwater lightweight proppants are used for better transport. The 
smaller lightweight proppants, however, generally have lower crushing strengths than the denser 
proppants. Tradeoff between strength and transportation must be weighed when selecting a 
 proppant
4,13
.
CLAY STABI LI ZER S  are used to prevent formation damage by limiting clay swelling and 
migration in the wellbore. Clay stabilizers cam be extremely important in formations such as 
shale rock which can have as much as 50 percent clay
13
. Without clay stabilizers, the 
permeability and conductivity in high clay concentration formations would dramatically 
decrease. Potassium chloride or other salts are often added to fracturing fluids for clay control
17
. 
 
SUR FACTANTS  are used to lower the surface tension between all the components in the hydraulic 
fracturing process. Surfactants also help increase the fracturing fluid’s viscosity for better 
proppant transport. Isopropanol is the chemical typically used as a surfactant during 
stimulation
11,18
. 
 
FLUI D LOS S  ADDITIV ES  are used to restrict the leakoff of the fracturing fluid into undesirable, 
overtreated, or depleted areas of the reservoir. The fluid loss additives prevent the formation 
from losing its permeability and helps maintain the effectiveness and integrity of the fracturing 
fluid. Typical fluid loss additives are sand, silica flour, or clay
3,19
. 
COR ROSIO N IN HI BITOR S  are used to reduce the corrosion of the well bore piping from gases 
such as oxygen, carbon dioxide, and hydrogen sulfide, and also from acids used as additives 
during the hydraulic fracturing process. Acetone is typically used for preventing acid corrosion, 
and ammonium bisulfite or N,n-dimethyl formamide is used to reduce the corrosion from the 
gases
16,20
. 
TESTS AND MECHANICS  
In every hydraulic fracturing process, certain parameters are chosen by the engineers on the job 
to accommodate the properties of the target formation for the optimal conductivity, recovery, and 
revenue. These parameters are the type of fracturing fluid, injection rate, and treatment volume 
To determine the hydraulic fracturing design, data must be gathered on the reservoir’s geology 
which can then be run through fracture design models and simulations. The models and 
simulations are also based upon and developed on the data from previous hydraulic fracturing 
jobs and research. The data on the rock formations is found from injection tests, fracture 
diagnostics, and records from previous hydraulic fracturing jobs. 
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INJECTION TESTS  
Injection tests are used to measure the minimum principal stress or in-situ stress of the reservoir. 
There are two main types of injection tests which are the in-situ stress test and the mini-fracture 
test. The in-situ stress test pumps a few barrels of water at a low flow rate to create a small 
fracture in the reservoir. The pumps are then shut down, reducing the pressure and closing the 
open miniature fracture. The pressure throughout the entire test is analyzed to determine the 
fracture closure pressure. Once the fracture closure pressure is found, the in-situ stress of the 
rock formation can be found out. 
The mini-fracture test is very similar and essentially involves the same process as the in-situ 
stress test. The mini-fracture is unique in that it uses the actual fracturing fluid. The mini-fracture 
test finds the value of the in-situ stress, as well as the fluid loss characteristics of the fracturing 
fluid in the pay zone. Several hundred barrels of fracturing fluid are pumped at fracturing rates 
that attempt to create a fracture of similar height to one down in the main hydraulic fracturing 
process. Once the fracture is created the pumps are shut down, and the fracture closure pressure 
is determined. Since the fracturing fluid is being used in the test, the total fluid leak-off 
coefficient can also be estimated. Injection tests are not usually conducted on every well because 
they are very expensive. The tests are usually performed on new types of reservoirs in different 
locations. 
FRACTURE MECHANICS  
Poroelastic theory is the theory used by the engineers designing the hydraulic fracturing 
process to determine where the minimum stress is located in tectonically relaxed rock 
formations. The poroelastic theory combines the equations for solids with a term that includes 
the effects of fluid pressure in the pore spaces of the formation. The fluid pressure acts 
isotropically inside the reservoir. The combination of the two equations yields the total stress of a 
tectonically relaxed, porous, permeable formation. In order for a fracture to be initiated in a 
formation, it must overcome the total stress of the formation. 
Underground rock formations are confined and under stress which can be divided into 
three principal stresses. The three principal stresses are important because they control the 
pressure needed to fracture rock, the shape and direction of the fracture, and the fracture close 
pressure weighing down on the proppant. The principal stresses are composed of a vertical 
overburden stress (σ1), a minimum horizontal stress or in-situ stress (σ2), and a maximum 
horizontal stress (σ3). The overburden stress typically has the greatest magnitude followed by the 
maximum horizontal stress, and minimum horizontal stress. Depending on the depth or on other 
geological conditions, the vertical overburden stress could be the intermediate (σ2) or in-situ 
stress (σ3). In shallow formations the least principal stress is the vertical stress. When the 
reservoir is located below 1,000 feet, the in-situ stress will likely be horizontal. When a fracture 
is created in a reservoir, it will most likely propagate perpendicular to the minimum principal or 
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in-situ stress (σ3). In shallow formations where the in-situ stress is vertical, the hydraulic fracture 
will be horizontal and in deeper formations, the fracture will be vertical. 
The minimum horizontal stress profile with depth can be computed with the following equation. 
𝜎𝑚𝑖𝑛 = 
𝜈
1 − 𝜈
 𝜎𝑜𝑏 − 𝛼𝜎𝑃 + 𝛼𝜎𝑃 + 𝜎𝑒𝑥𝑡 
σmin = the minimum horizontal stress (in-situ stress) 
ν = Poisson’s ratio 
σob = overburden (vertical) stress 
α = Biot’s constant 
σP = reservoir fluid pressure 
σext = tectonic stress. 
The Poisson’s ratio is the ratio of lateral expansion to longitudinal contraction for a rock 
under a uniaxial stress. The Poisson’s ratio can be determined from acoustic logs. The stress 
from tectonic activity is another important term in the equation which increases the horizontal 
stress of the target formation. To measure the tectonic stress an injection test must be conducted 
to measure the minimum horizontal stress. The stress value from the injection test is then 
subtracted from the stress calculated from poroelastic theory (in-situ stress when tectonically 
relaxed) to find the contribution of tectonic stress to the in-situ stress of the formation. 
Another important rock mechanical property is the Young’s modulus. The Young’s 
modulus (E) is the ratio of stress (σ) to strain (ε) under uniaxial stress or the measure of the 
stiffness of materials. When the modulus has a large value the rock formation is stiff and has 
narrow fractures. If the modulus has a low value the reservoir is soft and the fractures will be 
wider. The Young’s modulus is therefore also very useful at predicting the dimensions of the 
fractures. 
𝐸 = 
𝜎
𝜀
 
FRACTURE DIAGNOSTICS  
Fracture diagnostics are very important tools used to determine parameters needed for 
fracture design. The results from these instruments can be analyzed before, during, and after the 
hydraulic fracturing process. They are numerous types of fracture diagnostics techniques which 
can all be grouped together into three main groups: direct far field, direct near-wellbore, and 
indirect fracture techniques. 
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The direct far field techniques use delicate instruments that are placed in separate 
adjacent boreholes to the fracturing site. These techniques include tiltmeter fracture mapping and 
microseismic fracture mapping. Tiltmeters are used to measure the angular changes that occur to 
the surrounding landscape during hydraulic fracturing. The fracture in the formation causes the 
area surrounding to move. The changes are recorded by the tiltmeters and from that data the 
direction, size, and location of the created fractured can be approximated. The tiltmeters can be 
placed in shallow holes at the surface or downhole in an adjacent borehole at a depth near the 
target formation. The tiltmeter fracture mapping usefulness has traditionally been limited to 
shallower reservoirs, however, recent advances in this technology has increased its accuracy to 
depths of up to 10,000 feet. Microseismic fracture mapping is the second type of direct far field 
techniques. Microseismic mapping uses a downhole array of highly sensitive accelerometers to 
detect noises the shearing and cracking of the surrounding strata. The noises located from the 
micro-earthquake can be calculated in three dimensions and used to identify the location, length, 
height, and direction of the created fracture. This technology can be utilized at depths greater 
than 4,000 feet. The direct far field techniques have traditionally been limited to research wells 
conducted at new areas of development, but the cost of conducting these diagnostics has recently 
dropped dramatically. The techniques are still expensive; however their use has been growing. 
 The second type of fracture diagnostics is direct near-wellbore techniques. Direct near- 
wellbore techniques are used to measure the portion of fracture that is near the wellbore. This 
diagnostic is limited to a distance of approximately 2-3 wellbore diameters from the wellbore. 
Direct near-wellbore methods, however, can be very useful if the hydraulic fracture intersects the 
wellbore. There are many different types of direct near-wellbore techniques such as tracer logs, 
temperature logging, production logging, borehole image logging, downhole video logging, and 
caliper logging.  
The third type of fracture diagnostics is indirect fracture techniques. Indirect fracture 
techniques use fracture simulation programs and pseudo three dimensional models to predict the 
shape and dimensions of the created fracture. The indirect diagnostics relies on the information 
gathered from previous fracturing jobs to program simulators and to create the models. The 
history of data incorporated in the simulators and formulated in the models is used to predict 
which inputted parameters, such as the injection rates or the in-situ, will yield the most optimal 
hydraulic fracture. Indirect fracturing technologies are normally available for every fracturing 
job. The limitation of this technique is that the results can be inaccurate if not enough fixed 
parameters are known to be inputted in the models and simulators as constants
3,11
. 
ENVIRONMENTAL EFFECTS  
The major environmental concern in the hydraulic fracturing process is the contamination 
of underground sources of drinking water (USDW) by the fracturing fluids and natural gas. 
119 | P a g e  
 
There are three possible ways for the fracturing fluid to come into contact with a USDW. These 
possibilities are surface spills, casing leaks, or fracturing fluid and natural gas migration from the 
target formation.  
The most common source of contamination is surface spills. If the service company does 
not handle the fracturing fluid carefully, a spill could occur allowing the chemicals to seep into 
USDWs or reservoirs above ground. This common mistake can easily be prevented with better 
site management and stricter regulations to enforce proper handling of the fracturing chemicals. 
 Another possible source of USDW contamination may be the result from casing leakage. 
USDWs have the potential to be contaminated if the casings have been improperly constructed, 
from corrosion of the steel casing, and failure of the casing cement to seal. There are, however, 
current strict regulations on the design, cementing, testing of the casings to prohibit the pollution 
of USDWs or other surface reservoirs. 
 The third potential source of USDW contamination is the migration of the fracturing fluid 
and natural gas from the target formation. This source of pollution is very unlikely. For a USDW 
to be poisoned, the fluids and natural gas would have to migrate through the thousands of feet of 
the multiple layers of rock formations separating the USDW from the target formation. This is 
impossible because the rock layers are not porous enough to allow this phenomenon from 
happening. The reservoir would not have existed in the first place if it had the ability to escape 
could from its trapped position within the rock formation. If the natural gas could migrate it 
would already be in the atmosphere and not in the earth’s crust. This migration could also occur 
if the created fracture extended into the USDW allowing the fracturing fluid and natural gas to 
flow into the aquifer. This is extremely improbable. Extreme amounts of pressure for numerous 
years applied continuously would be needed to achieve this amazing physical feat. As was stated 
before, tests and diagnostics are conducted to measure the dimensions of the created fractures. In 
any of those measurements, the created fracture has not come close from extending to a USDW. 
Service companies also have the economic incentive to make sure that the fracture does not 
extend beyond the target formation and into the surrounding strata. 
 From the three potential sources of USDWs and surface reservoirs, it has been 
determined that the actual hydraulic fracturing process has not been the culprit of drinking water 
contamination. The only proven sources so far have been from improperly handling chemicals 
and poorly constructed the casings. However, there have been unexplained incidents in states 
like Colorado, Wyoming, and Pennsylvania in which fracturing fluids and natural gas has 
migrated into drinking water. Tests like the Garfield County Hydrogeologic Study have proven 
that the natural gas found in aquifers is thermogenic. Another investigation from the EPA is 
currently being conducted to find out if these unexplained incidents have been the caused from 
hydraulic fracturing. Also, there has recently been a push in legislature to require fracturing 
companies to disclose the exact chemicals and concentrations of the fracturing fluids used in 
operations. The investigation will be completed by the EPA in 2012 and the final decision will 
be made then
11
. 
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SOLAR ENERGY 
Solar energy has been in the energy market for a few decades now, however it has 
become more popular recently and it has already been applied to many commercial uses. The 
first advantage of producing solar energy before other energies is that solar energy is in the 
environment, is free and renewable. The rate at which 
solar energy is consumed is much smaller than the rate at 
which it is generated. The Sun is expected to be there for 
many lifetimes.  However if we want to improve its 
production we should study it more. The Sun, considered 
the center of our solar system is classified as a yellow 
start with a diameter of about 1,392,000 kilometers, about 
109 times the size of the earth, and located about 
149.6 million kilometers from our planet. 
 [source:http://www.enterprisemission.com/_articles/05-14-
2004_Interplanetary_Part_1/Solar%20System.jpg] 
 
The energy generated by stars comes from the core of the star and is a process known as 
nuclear fusion. This energy produced in the nucleus is going to be transfer from atom to atom 
until it reaches the surface layer of the start, the photosphere. This energy is emitted in the 
photosphere like visible light in the spectrum. Thermal energy is also released. 
 
[source:http://www.worldwidewaterplan.com/sun-part.gif] 
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The intensity in which the energy released from the sun is going to reach our planet is 
going to depend in two important factors. First, the Earth travels around the sun in a kind of 
elliptical orbit, this means that the distance between earth and the sun is going to change 
depending the time of the year (This is the main determinant factor for clime changes). Earth has 
also some inclination in its axis so the solar energy is not going to hit earth in the same way all 
over its surface. 
Solar energy doesn’t always reach earth surface. Approximately thirty five percent of this 
light is reflected back from the surface. Of that 35 percent clouds reflect 25 percent, atmospheric 
particles reflect 5 percent and the earth surface another 5 percent approximately.  
Many experts had discovered that it is possible to recover this lost light from the space 
and transfer it back to earth using microwaves. There are many Private and government owned 
companies doing research in this new idea that could solve all electrical problems in the world. 
Solar energy involves the collection of solar beams using photovoltaic materials. 
Photovoltaic are arrays of cells that contain a photovoltaic material that converts solar radiation 
into DC (direct current) electricity. Photons of light knock electrons into a higher state of 
excitement to create energy. Solar Photons convert naturally into three forms of energy, 
electricity, chemical fuel, and heat that coincide with existing energy chains. Solar Fuel is 
achieved through natural (biomass) and artificial photosynthesis, which involves breaking H20 
down to oxygen and CO2 down to sugar.  
 
Materials used as photovoltaic material include different types of silicon, cadmium, and copper 
compounds. Photovoltaic cell production has been increasing roughly 20% each year since 2002 
making it one of the most rapidly growing energy technologies. Technological advances have 
made photovoltaic solar cells much cheaper and more viable for people to invest in.  
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Other methods of using solar energy include concentrating solar power to boil water and collect 
the energy this way, storing excess solar energy as thermal heat for night time or when solar 
power is unavailable on the ground, and also space collection of solar energy using satellites. 
The main downside of space collection is that although it has a much higher potential energy 
harvesting capacity, it is difficult to maintain all the satellites in space because of debris due to 
how far out the satellites must be. The Satellites must be in geosynchronous orbit (pointing at 
exactly the same spot on the planet at all times) which is another issue. 
 
IMPACT OF SOLAR ENERGY IN THE AMERICAN SOCIETY  
Now days we are experimenting an ― energy revolution‖ in the whole word, millions are 
spend in research and development of new energetic technologies. Solar energy its still produce 
in very small quantities compare to other energy sources such as coal. However it is expected to 
have a huge grown in the future. Utilizing solar energy can solve most energetic problems in the 
world, there will be energy available for everybody, we will be able to export it and help some 
third world nations with energetic problems.  
A solar energy system could be installed everywhere where sunlight reaches earth. Solar 
energy can also be used with no need of solar panels; it will help to develop a lot of rural areas of 
the country. Passive solar energy can be used without the need to convert energy into electricity; 
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This will make the heating and cooling process of houses and buildings more efficient with less 
 energy lost in the process.
WHERE TO DEVELOP SOLAR ENERGY TECHNOLOGY? 
Solar energy technology is distributed all around the country, with more concentration in 
southwest states, such as Arizona, Nevada, Wyoming, Utah, New Mexico and California. This 
states will generate a much greater quantity of energy that the east coast states. Southwest states 
do to the amount of sing light they get, are expected to generate an average of seven KWh per 
square meter a day, in comparison with east coast states that won’t generate more than four KWh 
per square meter. 
It has more potential to produce solar energy in the southwest, because the southwest has 
a comparative advantage in production. However if we implement this technology in northeast 
states such as Massachusetts, solar energy could reduce the need for coal in great quantities and 
pollution will decrease a lot. 
 
 
(source:http://www.nrel.gov/gis/solar.html) 
As we can see in the map above, solar energy is available in the whole territory of the 
United States of America, More in some states than others, but enough to be used to reduce the 
environmental impact of coal. 
Federal laws should be created to force states to reduce their use of coal and this way 
they will need to use other options that are better for the environment. In the state of 
California some laws have helped the development of solar technology in the last years. 
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PASSIVE SOLAR ENERGY  
  A passive solar energy system is a new technology that is just starting to be applying in 
the USA in which the houses use the solar energy to get heating during fall and wintertime and 
cooling during the summer time.  This new technology basically works with the position of the 
sun and the structural shape of the house.  The angle in which the sun points to the earth changes 
depending on the season and time of the year. During the wintertime the angle between the sun 
and the surface of the earth is smaller, this means that the sun is going to be lower in the sky, 
therefore the overhang won’t cause a shade to the window and most of the solar energy will pas 
in. In summer time the overhang will cover most of the window surface so it will stop the solar 
light to go inside the house, keeping it cool.   
Special thermal materials are implemented. These materials make the cost of this technology to 
be very high and inaccessible for the average American households. 
 
[Source:http://www.greenflagstaffrealestate.com/graphix/passive_solar.jpg] 
  The US government should do more research in this type of technology. Companies that 
do constructions with Solar passive energy should have governmental subsides, this will 
help to reduce the cost so this technology could be more accessible for the American 
consumers. 
  More information should be given to the public about this new technology and how it 
could reduce their energy expenses in the future.  
Passive solar energy could mean a huge investment and a lot of people might not be able to 
afford it, however it will also represent a huge reduction in energetic consumption, especially in 
gas and oil used to heat the houses. Electricity from Air conditioner will also be saved. This 
could make oil prices to decrease in the future too, people will be able to save more money to 
invest it or spend it in other things. If Americans have more money, it means more money in the 
market; this money will stimulate the economy and will create more job opportunity and a better 
life quality for Americas. 
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ELECTRIC SOLAR ENERGY  
Is the generation of electric power from sun light, it can be direct using photovoltaic cells (PV) 
or indirect as with concentrating solar power (CSP), which basically focus in boil water to 
generate steam, this steam will make turbines to move and this kinetic energy will be 
transformed into electricity by a generator system. The use of solar panels is the most common 
way of using solar energy, these panels are available for consumers, many private companies 
offer the service and a lot of people are starting to install them in their houses. There are some 
government financial aids and grants available for those that want to purchase this kinds of 
systems, however the price for purchasing this technology still very high so this financial aid 
should increase and more grants should be given in order to make it cheaper and more consumers 
could get access to this technology. 
 
 
(source:http://images01.tzimg.com/cache/h3w4/500_1217972614_solar_cell_house_is.jpg) 
 
Solar energy might be use commercially as well; this will be an incredible help for  households 
that can’t afford a privet solar system. Active solar energy can collect convert energy into other 
forms. 
HEAT SOLAR COLLECTOR  
The Solar Heat Collector (SHC) is an example of active solar energy. This device allows sunlight 
to pass thought a type of window (made of glass or plastic) and trap the solar energy inside of it. 
The tramped energy is used to heat an absorption plate, which produces radiations in form of 
infrared light. 
 [Source:Fanchi, John. Energy in the 21st century. World Scientific Pub Co Inc, 2005. Print.] 
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 We should keep in mind that when use the solar Heat Method, a lot of factors most be 
taken into account. The efficiency of this system is defined by the energy input to output ratio. 
Applications from the real world are not always ideals, and some of this energy might escape 
from the device through radiation and convection. The collector will emit thermal radiation when 
its temperature is greater than the ambient temperature. 
To determinate and analyze the efficiency to the system it is necessary to compare energy loss 
and output. 
There are many advantages that could be obtained if Americans develop these three types of 
solar energy. Utilizing passive solar energy will make households to save a lot of money in gas 
or oil to heat their houses. By using electric solar energy people would be able to produce their 
own electricity and to be almost completely self efficient in energy production. Utilizing active 
solar energy could reduce black out in a great percentage.  
  The federal government should promote more these new technologies. 
  Tax deduction should be given to those who install solar power system in their houses. 
 
SOLAR ENERGY POWER PLANTS IN THE PRESENT  
In the last decades there has been a huge increase in research and investment in renewable 
energy sources. In the state of California there have been implemented many laws to stimulate 
the fast growing green energy industry, the energy industry is expected by state’s law to produce 
twenty percent of its energy by green means. 
A company called Solar One operated in California from the year 1982 to the year 1986 
generated 10 megawatts. 
In the year 2008 an Israeli company called Solel signed 3 billion dollar with an electric 
company called pacific Gas and electrics (PG&E) to produce a new solar electric plant, they took 
this initiative thanks to the state’s regulatory laws. 
Solel will use a new very efficient technology called BrightSource LTP 500 heliostats, this is a 
device made of two mirrors with flat surface, and a sensor that will make it possible to track the 
sun in every direction while it travels during the entire day. This will make it possible to take 
advantage of the sun power for more hours every day. 
This technology is more economic and more efficient than the parabolic. 
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(sample of BrightSource LTP 500 , source:http://www.treehugger.com/files/2009/02/1300-
megawatts-solar-thermal-power-developed-california-brightsource-energy.php) 
OPERATIONAL SOLAR POWER STATIONS IN USA 
For this Solar power stations to work the most efficient as possible, It is very important the 
location and weather factor, In places with warmer weather that receive more sun light and with 
a very long period of dry seasons it will be easier to collect the solar energy.  We can observe 
from the table above that most of these solar power plants are located in southern parts of the 
county and a lot of them in deserts. 
Spain and the United States are the main solar energy producers in the world. 
  New laws should be implemented in every state that forces the energy producing 
companies to look for new renewable alternatives.  
  The Government should make partnership with private companies to develop new solar 
projects. 
  Tax Deduction Will Be a good governmental incentive to increase production and reduce 
the costs. 
Capacity 
(MW) 
Technology type Name 
Location 
354 Parabolic Trough Solar Energy Generating System Mojave Desert, California 
64 Parabolic Trough Nevada Solar One Boulder City, Nevada 
5 Fresnel reflector Kimberlina Solar Energy Plant Bakerfield, California 
5 Solar Power Tower Sierra sun tower Lancaster, California 
1.5 Dish stirling Maricopa Solar Peoria Arizona 
1 Parabolic Trough Saguero Solar power Station Red Rock (Arizona) 
2 Parabolic Trough Keahole Solar power Hawaii 
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SOLAR ENERGY GENERATING SYSTEM  
The Solar Energy generating system (SEGS) is located in the Mojave Desert in California, and 
is currently the biggest solar energy generating facility in the world. 
The installation of this technology uses parabolic trough solar thermal technologies along with 
natural gas to produce electricity. Approximately 90% of the electricity is taken from the 
sunlight. Natural gas is just used when the solar energy is not in off to meet the demand from 
Southern California Edison, the distributor of power in southern California.[5] 
 
 
[Source: http://en.wikipedia.org/wiki/Solar_Energy_Generating_Systems] 
 
The parabolic mirrors have a kind of half pipe shape. The sun shines onto the panels that are 
made of glass, which are going to reflect about94 % of the light, unlike a typical mirror, which 
will only reflect about 70 % of it. The mirrors will be tracking the sun while it moves around 
during the whole day. Wind is the main source for mirrors to break, with about 3000 typically 
replaced per year. With this system, it is possible for operators to turn the mirrors to protect them 
when intensive windstorms are around the area. An automated washing mechanism is used to 
periodically clean the parabolic reflective panels.[5] 
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SOLAR THERMAL ENERGY STATIONS IN CONSTRUCTION IN THE WORLD  
Capacity 
(MW) Technology Name Country Location 
100 parabolic trough Solnova 3, 4  Spain Seville 
100 parabolic trough Extresol 2-3  Spain 
Torre de Miguel 
Sesmero (Badajoz) 
100 parabolic trough Andasol 3–4  Spain Granada 
100 parabolic trough Palma del Rio 1, 2  Spain Cordoba 
100 parabolic trough Helioenergy 1, 2  Spain Ecija 
100 parabolic trough Solaben 1, 2  Spain Logrosan 
100 parabolic trough Va/lle Solar Power Station  Spain Cadiz 
100 parabolic trough Aste 1A, 1B  Spain 
Alcázar de San Juan 
(Ciudad Real) 
100 parabolic trough Termosol 1+2  Spain 
Navalvillar de Pela 
(Badajoz) 
100 parabolic trough Helios 1+2  Spain Ciudad Real 
75 ISCC 
Martin Next Generation 
Solar Energy Center  USA Florida 
50 parabolic trough Majadas de Tiétar  Spain Caceres 
50 parabolic trough Lebrija-1  Spain Lebrija 
50 parabolic trough Manchasol-1  Spain Ciudad Real 
50 parabolic trough La Florida  Spain Alvarado (Badajoz) 
50 parabolic trough La Dehesa  Spain 
La Garrovilla 
(Badajoz) 
50 parabolic trough Axtesol 2  Spain Badajoz 
50 parabolic trough Arenales PS  Spain 
Moron de la Frontera 
(Seville) 
50 parabolic trough Serrezuella Solar 2  Spain Talarrubias (Badajoz) 
50 parabolic trough El Reboso 2  Spain 
El Puebla del Rio 
(Seville) 
50 parabolic trough Moron  Spain 
Moron de la Frontera 
(Sevilla) 
50 parabolic trough Olivenza 1  Spain Olivenza (Badajoz) 
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50 parabolic trough Medellin  Spain Medellin (Badajoz) 
50 parabolic trough Valdetorres  Spain Valdetorres (Badajoz) 
50 parabolic trough Badajoz 2  Spain 
Talavera la Real 
(Badajoz) 
50 parabolic trough Santa Amalia  Spain 
Santa Amalia 
(Badajoz) 
50 parabolic trough Torrefresneda  Spain 
Torrefresneda 
(Badajoz) 
50 parabolic trough La Puebla 2  Spain 
La Puebla del Rio 
(Sevilla) 
25 parabolic trough Termosolar Borges  Spain 
Borges Blanques 
(Lerida) 
17 power tower 
Gemasolar, former Solar 
Tres Power Tower  Spain 
Fuentes de Andalucia 
(Seville) 
20 ISCC Kuraymat Plant  Egypt Kuraymat 
25 ISCC 
Hassi R'mel integrated solar 
combined cycle power 
station  Algeria Hassi R'mel 
20 ISCC Beni Mathar Plant  Morocco Beni Mathar 
1 dish Renovalia  Spain Albacete 
2083 - 
Overall capacity under 
construction - - 
 
 
  Tax reductions should be provide as an incentive to companies that develop this 
technologies, this will make companies more interested and it will be much more 
accessible for them to buy solar technology. 
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NEW TECHNOLOGIES  
CONCENTRATING SOLAR POWER  
 
Concentrating Solar Power, One of the most common methods used in the production process 
for solar energy. This system use lenses to focus large areas of sunlight onto a smaller area. The 
most popular use is to heat water and this way produce steam; this steam will generate motion to 
a turbine generator that will produce electric power. CSP has some sub technologies such as 
linear concentration system, Dish Engine System, Thermal Storage.[6] 
Linear concentration focuses solar energy uses large mirrors to reflect sunlight onto a receiver 
tube, this receiver tube has a fluid which transfer heat to a heat exchanger that produce heat and 
this way turns on a turbine. 
Linear concentrating collector fields (CSP) consist of a large number of collectors in organized 
parallel rows. Typically they are located in a north-south position to maximize both winter and 
summertime energy and collection will be more effective around the whole year. With a single-
axis sun-tracking system, this configuration make it possible for mirrors to follow the sun from 
east to west during the day, ensuring that the sun reflects continuously onto the receiver tubes.[6] 
 
PARABOLIC TROUGH SYSTEMS  
The predominant CSP systems that are currently operating in the USA are linear concentrators 
using parabolic trough collectors. In This type of system, the receiver tube is located along the 
focal lines of each of the parabola-shaped reflector. The tube is fixed to shape of the mirror and 
the heated fluid—either water steam or heat-transfer fluid —travels around and out of the field of 
solar mirrors to where it is used to create steam. [6] 
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Now days, the biggest individual trough systems is able to produce 80 megawatts of 
electricity. However, individual will generate 250 megawatt, individual systems can be 
collocated in power parks. This capacity would be stopped only by transmission capacity and 
availability of contiguous land area.[6] 
LINEAR FRESNEL REFLECTOR SYSTEMS  
Is second linear concentrator technology.  Flat or a little curved mirror assembled on trackers 
on the ground are made to reflect sunlight onto a receiver tube fixed in space above these 
mirrors. A small parabolic mirror is sometimes added atop the receiver to further focus the 
sunlight.[6] 
Linear Fresnel Reflector Systems 
CSP is very convenient because most of the energy is produced during peak energy hours and 
it it storage in thanks.[6] 
More research should be done for the future in efficiency increasing and in cost reduction 
methods . 
 
COST OF SOLAR ENERGY  
Now days, the cost of electric power to the end user in the State of Massachusetts rounds $ 
0.1688 most of this produced by coal. 
For solar power to be successful in the American market it is necessary for the cost of 
production to be similar or very close to the average production price in the state.  
There is a big constrain that homeowner need to face to switch to solar energy. Photovoltaic 
energy is the most expensive at short terms of time because it is needed a huge beginning 
investment. 
It is estimated that 3 hours of sunlight in one square meter in the northeast with a conversion 
rate of 20% to be around $ 0.06 in equivalent electric cost. 
A typical northeast home is expected to use about 15,000 KWH per year, assuming this, a 10 
KWH must be installed, estimating that there will be 4 hours of direct sunlight every day so the 
house will collect around 40 KWH per day. 
A solar power system cost around $ 95.00 per square foot, for a 10 KWH system at least 600 
square feet must be installed, bringing the cost up to around $ 57,000 (600x95=57,000). This is 
just the price of the panels. The total cost for the whole system could be close to $100.000. 
This will bring the cost of electricity to $6.00 per KWH the government could by subside and 
incentives try to reduce this cost, however this reductions wont get close to the $0.17 per KWH. 
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Type (KWH) Cost (2009) Cost Per 
KWH 
1 ton of Coal 6.182 $ 52.30 $0.0008 
1 barrel of Oil 1.699 $ 79.88 $0.04 
1 Cubic Foot of Gas 0.3 $ 0.008 $0.029 
5 KW solar System  4.5 $ 45,000 $0.38 
 (source: Green Econometrics by Chris Pearson ) 
(we can se that a 5 KWH solar system only produces 4.5 KWH, around a 10% of this is lost) 
COST  PER KWH 
 
 
An average solar system is expected to have a lifetime of around 20 years, we can determinate 
the energy cost by dividing all the costs by 20 years. 
The greatest cost of solar power is on the panels; if we could reduce the cost of panels 
fabrication we could decrease the price of solar energy by a considerable amount. 
The Price of the panels could be reduced by making them in other countries with cheaper labor 
costs and cheaper manufacturing costs.  
Research in new, cheaper and more effective materials for panels should be done. 
 
The Nevada solar one facility has been able to bring their production cost to $ 0.178 per 
KWH, it is a little bit more that the coal price however it’s a small price to pay thinking in the 
future. 
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Environmental Impact of Solar Energy  
Solar Power plants are proven to be one of the most environmentally friendly energy sources; 
they do not generate any emissions. The largest environmental impact 
derivate from this technology will be the fossil fuels needed to produce some 
of the materials. Silicon is a very important component of solar power 
plants, it is very easy to find and no mining is necessary for its extraction. 
Solar cells use cadmium to convert solar energy into electricity and 
cadmium is proven to be a very toxic substance in big concentrations. This is one of the reasons 
why companies try to recycle their systems. Cadmium has small risk if safety measures are 
taken. 
Solar plants occupy usually occupy big amounts of spaces, however most of this plants are 
located in deserters so little damage is need to be done in the environment. 
More research in new materials should be done; The federal government should incentive 
Universities to do research by increasing their budget. 
The increment use in solar panels, specially those installed in houses or building roofs can be a 
solution to the space problem. 
 
SOLAR ENERGY IN THE SPACE  
 
NASA has been doing a lot of research in a new project that they are planning to do, space 
based solar power. The technology will be very similar to that used in ground based solar power. 
However the procedure will include launching Solar Power Satellites (SPS) into geocentric orbit, 
about 22,000 miles and collecting solar energy. Launching the SPS will make it easier to collect 
more energy faster, it is expected that energy could be 
collected about eight times faster than in earth. 
They have been also studying the possibility of 
implementing the use of mirrors to control the direction of 
the solar light and this way focus the solar light to the SPS, 
this will help to reduce the number of photovoltaic cells and 
this will bring the cost down a lot. These mirrors will make 
it possible to control the amount of energy and this way we 
can prevent to damage the SPS by excessive heat. 
The use of space solar power will not bring the cost of 
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energy down at first, it is expected that the initial costs will be from 60 to 80 cents per kWh 
because the high initial cost for installations, also de cost of manufacturing photovoltaic cells and 
the technology used to put them in place by the use of remotely operate units are important 
factors in the increase in prices. This initial cost for space based solar energy is expected to 
decrease in a period from 15 to 25 years, to an average of around 12 to 15 cents per kWh This 
will be a better price to compete with those of coal and oil, However the prices of coal and oil 
are expected to increase a lot in the future.  
In 2009 a company called Space energy inc. was establish, this is a privately owned company, 
and they are trying to built an infrastructure of space based solar energy to sell it to companies ad 
governments, their satellites are expected to remain in contact with sunlight 24 hours a day.  
 
[Source:http://www.spaceenergy.com/i/common/SpaceEnergyInc.gif] 
Space energy Inc. wants to provide rural areas all the electricity they need to increase their 
standard of living. It is possible to do this because they don’t need a very complex ground 
infrastructure; The reception antennas are environmentally friendly so they can be built pretty 
much everywhere providing big structures such as hospitals and schools with the energy they 
need every day. 
Space Energy Inc. is having many technical’s challenges, which range from how to improve 
launch capabilities, to managing solar debris and wind.  There are also commercial challenges 
including building permits and approvals and risk of failings market. 
OBAMA ’S SOLAR ENERGY INITIATIVE  
During his campaign Barack Obama promise that there will be spend $150 billions in the next 
ten years in the development of new solar technologies. He also promise that 10 percent of 
electricity will be renewable by 2012 and 25 percent by 2025. 
In march 2010, Barack Obama spent $2 billion I new solar technology, his administration is 
sponsoring two private companies in Arizona (Abegoa Solar and Abound Solar). This new 
initiative generated 1600 new jobs in Arizona and is going to produce enough power to supply 
70,000 homes. 
137 | P a g e  
 
WORK CITED  
 1. http://www.nrel.gov/gis/solar.html 
 2. www.worldwidewaterplan.com/sun-part.gif 
 3. ://www.greenflagstaffrealestate.com/graphix/passive_solar.jpg 
 4. images01.tzimg.com/cache/h3w4/500_1217972614_solar_cell_house_is.jpg 
 5. http://en.wikipedia.org/wiki/Solar_Energy_Generating_Systems] 
 6. http://www1.eere.energy.gov/solar/linear_concentrators.html 
 7. Green Econometrics by Chris Pearson. 
 8. IQP Rep. Victor Brisan, Jeff Ferrendino, Atif Kandaker ,Jeremy Zorrilla  ―National 
Energy policy‖ 
 9. Encarta 2010. Solar energy. 
 10. http://www.alternate-energy-sources.com/how-does-solar-energy-work.html 
 11. http://www.eia.doe.gov 
 12. http://www.repowerhome.com/solarhotwaterlp/?utm_campaign=Google%20SHW%20PP
C&gclid=CLO1xe2n7qMCFQo65QodnWxO4g 
 13. http://passivesolar.sustainablesources.com/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
138 | P a g e  
 
ENERGY OPTIMIZATION MODEL 
 
An energy optimization model was attempted by using a computer program called Matlab to find 
the best way to manage the United States’ energy sources. The model tried to extend the use of 
non-renewable resources while minimizing the overall domestic cost of energy and reducing CO2 
emissions. A history of data from numerous energy sources such as coal and nuclear power was 
gathered. The data acquired would then be inputted into the model. The model’s historical results 
would then be extrapolated to find out the most optimal future. 
 The energy optimization model was unsuccessful. However, the component of the 
optimal minimization for the overall cost energy was successful.  In order to complete the price 
minimization model, a table by the EIA of the United States’ primary energy consumption for 
each source was used. Primary energy is the gross energy before its transformation into other 
more useful forms like electricity. Additionally, the annual prices of the energy sources were 
utilized. The energy content for the amount being valued was calculated which converted the 
cost from a price per unit of mass or volume to a price per unit energy. With the gathered 
information the following equation was formulated: 
𝑚𝑖𝑛. 𝑐𝑜𝑠𝑡 =
 𝑜𝑖𝑙 𝑐𝑜𝑠𝑡 × 𝑥 1    𝑐𝑜𝑎𝑙 𝑐𝑜𝑠𝑡 × 𝑥 2  …
𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 
cost = annual cost per unit of energy for a particular source of energy 
x(1) = yearly amount used for each source. It is the variable being solved for minimal optimal 
cost 
Annual Consumption = the total primary energy being consumed for that year 
min. cost = optimal minimum cost per unit of energy 
 
A couple of constraints were applied to this equation. The amount being used by each source of 
energy had to add up to the total annual primary energy consumption. The amount being used for 
each source could not be less than zero and no more than a 5% increase of that source’s yearly 
consumption. The equation and constraints were inputted into Matlab’s fmincon optimization 
solver. 
The results for the minimal cost optimization model always resulted in coal reaching its 
upper bound for usage since it is the least expensive of all the energy sources. Other non-
renewable sources such as natural gas, oil, and nuclear power contributed to the remainder of the 
required total domestic consumption. An energy optimization model, however, cannot solely 
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incorporate the minimum optimal cost. A proper model should also include the amount of 
resources and environmental effects for each source. Coal, despite being the least expensive and 
most abundant of the energy sources, has the worst effects on the environment. A model 
including these additional parameters would be a multi-objective optimization model rather than 
a single objective model which was used to minimize the yearly cost per energy. Matlab’s multi-
objection optimization solvers fgoalattain and fminimax would be used to perform this task. A 
multi-objective model would give more weight into the usage of renewable energy which has a 
far greater sustainability and less impact on the environment than fossil fuels. 
In this type of model, the environmental effects would be measured in CO2 emissions. 
Each energy resource has various ways of negatively impacting the environment whether small 
or large. For an energy optimization model, CO2 emissions would be a great universal and 
concrete value to get a picture of an energy source’s impact on the environment. The amount of 
CO2 emissions is a quantifiable environmental effect that can be collectively applied to every 
type of energy. It is important to assign this parameter since CO2 is a greenhouse gas and 
contributes to global warming. Reducing the amount of CO2 in the atmosphere currently is and 
will continue to be a principal factor in the generation of energy. 
The other additional parameter used in the complete multi-objective energy model is the 
sustainability of the energy resources. This is an important parameter that will be hard to predict 
for the future with a simple energy model. The value of proven reserves would be used to find 
out the sustainability of non-renewable energy. Proven reserves are the current amount of 
resources from a certain type of fossil fuel that can be economically extracted. Resources can 
become proven reserves with improvements in extraction technology or if the overall price of 
energy has increased. The size of the reserves can also increase with new discoveries or if 
drilling moratoriums in certain areas set up by the government are repealed. An increase in 
population or energy intensity in the United States will increase the nation’s energy demand and 
thereby will lower the sustainability of certain energy sources. By investing in more energy 
efficient products the United States could mitigate or decrease its demand and therefore have 
more energy sustainability. Renewable sources will have sustainability equal to the amount of 
raw materials used to manufacture them such as semiconductors for solar panels. The energy 
model would attempt to maximize the sustainability while simultaneously fulfilling the other 
parameters. 
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ENERGY RESOURCE RATING 
 
 
Costs Nuclear Wind Solar Coal Oil Natural 
Gas 
Total monetary  2 3 5 2 4 4 
Land used 3 2 5 3 3 3 
Health (Workers) 2 1 1 4 3 3 
Toxicity/Disease 3 1 1 4 3 3 
Pollution 2 1 1 5 4 4 
Availability 3 2 2 1 5 5 
Reliability 2 4 4 1 1 1 
Environmental 
potential 
4 5 5 3 4 4 
Energetic capacity 
potential 
2 5 1 5 5 5 
Water usage 5 1 1 4 4 4 
 
 
The table above shows a general idea of the actual cost the energies covered in this project have. 
The rating ranges from 1 which is the best to five which is the worst.  The total cost includes the 
production, construction and decommissioning cost.  The land refers to the amount of land that 
the energy completely utilizes through mining, plant site, and storage.  While the worker health 
includes only the safety of the workers (mines collapsing, radiation) the toxicity implies the 
effect on the general public (cancer cases or other diseases from the emissions).  Pollution is the 
overall damage on the environment.  The availability is specific to the amount of energy that is 
available inside the U.S.  Reliability is determined by how well the respective plant can start up, 
shut down, and supply peak production rates.  Environmental and energetic capacity falls under 
the category of potential to improve.  Does the energy source have a lot of research and 
technology invested in it to be less damaging to the environment? Does it have a promising 
future to increase its capabilities to produce energy and its efficiency of production?  Lastly, 
water usage refers to the total amount of water used in the production and maintenance of the 
power plant.  
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CONCLUSION 
 
The project’s ranking system produced the following results as the current energy sources that 
the world relies on today: wind as 25, solar as 26, nuclear as 28, coal as 32, oil as 36 and natural 
gas as 36. This surprising conclusion has clearly deemed wind, solar and nuclear energy as 
potentially the best primary energy sources for the United States in the future. Wind and solar 
energy are the best options because they are renewable sources, abundant in many areas of the 
world and have the potential to provide the most energy. However, implementing these methods 
is extraordinarily expensive at this time. These sources are unreliable and therefore cannot be the 
sole source of power that a country like the United States can fully depend on. Consequently, 
more reliable sources of fuel and energy must be ready for use when solar sources fail on a 
cloudy day or wind gusts disappear and halt turbines. As a result, nuclear energy may be the 
desired alternative to coal for electrical generation. Coal is a safe resource when using the proper 
precautions. It provides a vast amount of energy to an expansive area by powering a small 
nuclear plant. Its faults include the public disapproval of its locations near residential areas, and 
their misunderstanding of its dangers and the frequency of actual nuclear power accidents. Based 
on the group’s observations, the three most widely used energy sources, coal, oil and natural gas, 
received worse scores than wind, solar and nuclear energies. This concludes that the United 
States should attempt to reduce its consumption of these sources to a fraction of what the nation 
currently utilizes or eliminate its dependence completely. This would take an extensive period of 
time since society relies heavily on these fuel sources. Changing to different fuel sources 
requires infrastructure changes and also a transformation in political ideology. It is the people in 
power that must make the decisions to revolutionize the energy industry. 
  
 
 
